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(57) ABSTRACT 

The present invention is intended to provide a fuel consump 
tion evaluation system which obtains quantitative data to 
determine whether actual driving has consumed fuel more 
efficiently or less efficiently than average driving and gives 
the driver and/or manager concrete advice for fuel-efficient 
driving based on the obtained data, and also provide a fuel 
consumption evaluation system which decides, based on 
obtained fuel efficiency data, whether driving is more fuel 
efficient than average driving and sets a target and gives the 
driver and/or manager concrete advice for fuel-efficient driv 
ing based on the obtained data in consideration of change in 
vehicle total mass without any influence of slopes and traffic 
flows and particularly encourages and instructs, in real time, 
the driver to do fuel-efficient driving. The system comprises: 
engine speed measuring means (2) which measures engine 
speed of a truck (1); accelerator opening degree measuring 
means (3) which measures an accelerator opening degree (C); 
vehicle Velocity measuring means (4) which measures 
vehicle velocity (V); fuel flow rate measuring means (5) 
which measures a fuel flow rate (Fw); and control means (10) 
which evaluates fuel consumption of the truck from measured 
engine speed (N), accelerator opening degree (C), vehicle 
velocity (V) and fuel flow rate (Fw). 

25 Claims, 23 Drawing Sheets 
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1. 

FUEL CONSUMIPTION EVALUATION 
SYSTEM 

TECHNICAL FIELD 

The present invention relates to a system which evaluates a 
vehicle's driving conditions such as fuel consumed per unit 
distance traveled (hereinafter called “fuel efficiency') and 
also to a system which evaluates driving conditions related to 
fuel consumption for vehicles in which the difference in 
vehicle total mass between the unloaded condition and loaded 
condition is large. Such as trucks and buses. 

BACKGROUND ART 

A technique which encourages a driver to improve his/her 
driving skill and improves fuel efficiency by an improved 
driving skill has been publicized (for example, see Patent 
Document 1). 
The above technique uses five parameters for judgment: (1) 

acceleration, (2) deceleration, (3) vehicle Velocity, (4) driving 
in which a driver does not shift up though he/she can do so, 
and (5) engine idling. 

In this technique, if predetermined thresholds for the 
parameters (1) to (3) are exceeded, the way of driving con 
cerned is decided to have deteriorated fuel efficiency. This 
means that when Such predetermined thresholds are not 
exceeded, the way of driving is not decided to have deterio 
rated fuel efficiency. However, the degree of fuel saving in 
actual situations should be evaluated in connection with each 
parameter. 

Also, in connection with (3) vehicle Velocity, this evalua 
tion method has another problem that since an evaluation is 
made simply on the basis of vehicle velocity without consid 
ering the distance traveled from start to stop, the result of 
evaluation does not always reflect the real cause of fuel effi 
ciency deterioration or improvement. 

In order to solve the above problems, the present inventors 
have provided a fuel consumption evaluation system which 
obtains quantitative data to determine whether actual driving 
consumes fuel more efficiently or less efficiently than average 
driving and gives the driver and/or manager concrete advice 
for fuel efficient driving based on the obtained data. 

This technique correlates the way of driving with fuel 
consumption per unit distance traveled. However, in actual 
situations, roads have slopes and the traffic flow varies from 
time to time, which affects fuel consumption. Therefore, even 
when the way of driving is constant, fuel consumption per 
unit distance may easily deviate from the previously esti 
mated level. 

Furthermore, although fuel consumption depends on 
vehicle total mass including freight or passengers, the influ 
ence of slopes and vehicle total mass are not reflected in 
evaluations. 

In addition, the primary object of the above techniques is to 
encourage the driver to do fuel-efficient driving, but they do 
not define any means to encourage, in real time, the driver to 
do fuel-efficient driving. 
As another approach, a driving information provision sys 

tem has been proposed in which different analyses of the 
driver and the manager are made on the basis of travel data 
obtained from the vehicle and different appropriate sugges 
tions for improvement are given to the driver and the manager 
(for example, see Patent Document 2). 

However, this driving information provision system does 
not suggest any means for urging fuel-efficient driving in real 
time. 
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2 
Patent Document 1: JP-A No. 2002-362185 

Patent Document 2: JP-A No. 2003-16572 

DISCLOSURE OF THE INVENTION 

Problem to Be Solved by the Invention 

The present invention has been made in view of the above 
problems of the conventional techniques and has an object to 
provide a fuel consumption evaluation system which obtains 
quantitative data to determine whether actual driving has 
consumed fuel more efficiently or less efficiently than aver 
age driving and gives the driver and/or manager concrete 
advice for fuel-efficient driving based on the obtained data, 
and also provide a fuel consumption evaluation system which 
sets a target for fuel-efficient driving and gives the driver 
and/or manager concrete advice for fuel-efficient driving 
based on obtained data in consideration of change in vehicle 
total mass without any influence of slopes and traffic flows 
and particularly encourages and instructs, in real time, the 
driver to do fuel-efficient driving. 

Means for Solving the Problem 

A fuel consumption evaluation system according to the 
present invention comprises: engine speed measuring means 
(2) which measures engine speed (N) of a truck (1); accelera 
tor opening degree measuring means (3) which measures an 
accelerator opening degree (C); vehicle Velocity measuring 
means (4) which measures vehiclevelocity (V); fuel flow rate 
measuring means (5) which measures a fuel flow rate (Fw); 
and control means (10) which evaluates fuel consumption (Q) 
of the truck (1) from measured engine speed (N), accelerator 
opening degree (C.), vehicle velocity (V) and fuel flow rate 
(Fw); the system is characterized in that the control means 
(10), which has storage means (11), divides a run from start to 
stop into a plurality of phases (E1: start acceleration phase, 
E2: steady running phase, E3: deceleration phase, E4: idling 
phase), sets fuel consumption-related parameters (“start 
acceleration shift-up engine speed N1 and start acceleration 
accelerator opening degree C.1. P1, “steady running engine 
speed N2 P2, “deceleration coasting ratio P3 and “idling 
velocity V4' P4) for each of the plural phases (E1-E4), deter 
mines fuel consumption (Q) for each of the plural phases 
(E1-E4) based on correlation (correlation line F in FIG. 5) 
between the parameters (P1, P2, P4) and fuel consumption 
(fuel consumption per unit distance traveled q), and makes an 
evaluation based on the determined fuel consumption (Q). 
(Claim 1) 
The plural phases (E1-E4) include: a phase (start accelera 

tion phase E1) in which the accelerator opening degree (a) is 
increased from a relatively low velocity and vehicle velocity 
(V) or average moving vehicle Velocity (Vm) increases; a 
phase (deceleration phase E3) in which the accelerator open 
ing degree (C) is decreased; a phase (idling phase E4) in 
which the accelerator opening degree (C) is relatively small 
and engine speed (N) is relatively low; and a steady running 
phase (E2) which is different from the above three phases (E1. 
E3, E4). (Claim 2) 

In the fuel consumption evaluation system according to the 
present invention, for the phase (start acceleration phase E1) 
in which the accelerator opening degree (C) is increased from 
a relatively low velocity and vehicle velocity (V) or average 
moving vehicle velocity (Vm) increases, the parameters (P1) 
are engine speed (shift-up engine speed N1) in gear shift and 
accelerator opening degree (C); for the phase (deceleration 
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phase E3) in which the accelerator opening degree (C) is 
decreased, the parameter (P3) is the ratio (coasting ratio P3) 
of distance (A) traveled with the accelerator and brake off to 
the sum (A+B) of distance (A) traveled (coasting) with the 
accelerator and brake off and distance (B) traveled (decelera 
tion) with the brake on; for the phase (idling phase E4) in 
which the accelerator opening degree (C) is relatively small 
and engine speed (N) is relatively low, the parameter (P4) is 
vehicle velocity (idling vehicle velocity V4); and for the 
steady running phase (E2) which is different from the above 
three phases, the parameter (P2) is engine speed (steady run 
ning engine speed N2). (Claim 3) 
The steady running phase (E2) is divided into a high speed 

running phase (E21) in which a given distance or more is 
traveled at a vehicle velocity above a prescribed velocity and 
another phase (E22) and the parameters (P21) for the high 
speed running phase (E21) are engine speed (N), vehicle 
Velocity (V), and equivalent to fuel consumed by acceleration 
before or after braking. (Claim 4) 

The plural phases are classified into a phase (E5) in which 
distance from start to stop is shorter than a predetermined 
distance and other phases and in the phase (E5) in which 
distance from start to stop is shorter than a predetermined 
distance, the parameter (P5) is squared vehicle velocity 
divided by distance traveled, “vehicle velocity (V)/distance 
traveled S. (Claim 5) 

In the fuel consumption evaluation system according to the 
invention, correlation (correlation line F in FIG. 5) between 
the parameters ('start acceleration shift-up engine speed N1 
and start acceleration accelerator opening degree C.1' P1, 
“steady running engine speed N2 P2, and “idling velocity 
V4'P4, and in the phase where the distance from start to stop 
is shorter than a predetermined distance, “vehicle velocity 
(V)/distance traveled S" P5) and fuel consumption (fuel 
consumption per unit distance traveled q) is statistically cal 
culated from data stored in the storage means (11) for the 
phase (start acceleration phase E1) in which the accelerator 
opening degree (C) is increased from a relatively low velocity 
and vehicle velocity (V) or average moving vehicle velocity 
(Vm) increases, the phase (idling phase E4) in which the 
accelerator opening degree (C) is relatively small and engine 
speed (N) is relatively low, and the steady running phase (E2). 
(Claim 6) 

In the fuel consumption evaluation system according to the 
invention, for the phase (deceleration phase E3) in which the 
accelerator opening degree (C) is decreased, fuel consump 
tion (Q) is determined according to distance traveled (S) in 
the phase (E3), distance traveled (coasting) (A) with the 
accelerator and brake off, and fuel efficiency (fuel consump 
tion for distance traveled in the phase q). (Claim 7) 

The control means (10) compares determined fuel con 
Sumption (Q) againstaverage (Qm) obtained from data stored 
in the storage means (11). (Claim 8) 
The control means (10) compares determined fuel con 

Sumption (Q) against target. (Claim 9) 
In the fuel consumption evaluation system according to the 

invention, data for a running condition in which determined 
fuel consumption (Q) may be inaccurate is ignored. (Claim 
10) 

Here, running conditions which may cause an inaccurate 
data include uphill slopes, downhill slopes or a run in which 
the accelerator is repeatedly turned on and off. 

In addition, in the fuel consumption evaluation system 
according to the invention, output means (for example, dis 
play 13, printer 14, etc) are provided and determined fuel 
consumption (Q) and evaluation based on comparison against 
average or target are outputted. (Claim 11) 
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4 
A fuel consumption evaluation system according to the 

invention comprises: engine speed measuring means (2) 
which measures engine speed (N) of a vehicle (1); accelerator 
opening degree measuring means (3) which measures an 
accelerator opening degree (C); vehicle Velocity measuring 
means (4) which measures vehiclevelocity (V); fuel flow rate 
measuring means (5) which measures a fuel flowrate (Fw); 
engine load measuring means (6) which measures engine 
load (L); and control means (20) (onboard database 7) which 
calculates fuel consumption (Q) of the vehicle (1) and vehicle 
mass (m) from measured engine speed (N), accelerator open 
ing degree (C), vehicle velocity (V), fuel flow rate (Fw) and 
engine load (L); the system is characterized in that the control 
means (20), which has storage means (onboard database 7), 
divides a run from start to stop into a plurality of phases 
(E1-E4), sets fuel consumption-related parameters (“start 
acceleration shift-up engine speed N1 P1, “start acceleration 
accelerator opening degree C.1” P2, “steady running engine 
speed N2, P3, “vehicle velocity (V)/distance traveled' P4, 
“deceleration coasting ratio” P5 and “idling velocity'P6) for 
each of the plural phases (E1-E4), calculates fuel consump 
tion rate for actual driving against average driving and fuel 
consumption rate (W) for target driving against average driv 
ing based on correlation between the parameters (P1-P6) and 
fuel consumption rate against average driving, and makes an 
evaluation based on the calculated fuel consumption rates. 
(Claim 12) 
The plural phases (E1-E4) include: a phase (start accelera 

tion phase E1) in which the accelerator opening degree (C) is 
increased from a relatively low velocity and vehicle velocity 
(V) or average moving vehicle Velocity increases; a phase 
(deceleration phase E3) in which the accelerator opening 
degree (C) is decreased; a phase (idling phase E4) in which 
the accelerator opening degree (C) is relatively small and 
engine speed (N) is relatively low; and a steady running phase 
(E2) which is different from the above three phases (E1, E3, 
E4). (Claim 13) 

In the fuel consumption evaluation system according to the 
invention, for the phase (start acceleration phase E1) in which 
the accelerator opening degree (C) is increased from a rela 
tively low velocity and vehicle velocity (V) or average mov 
ing vehicle velocity increases, the parameters P1, P2) are 
engine speed (shift-up engine speed N1: P1) in gear shift and 
accelerator opening degree (C.1: P2); for the phase (decelera 
tion phase E3) in which the accelerator opening degree (C) is 
decreased, the parameter (deceleration coasting ratio: P5) is 
the ratio of distance (A) traveled with the accelerator and 
brake off to the sum (A+B) of distance (A) traveled with the 
accelerator and brake off and distance (B) traveled with the 
brake on; for the phase (idling phase E4) in which the accel 
erator opening degree (C) is relatively small and engine speed 
(N) is relatively low, the parameter (P6) is vehicle velocity; 
and for the steady running phase (E2) which is different from 
the above three phases, the parameter (P3) is engine speed 
(steady running engine speed N2). (Claim 4) 

Preferably the parameter for fuel consumption in a run 
from start to stop should be squared vehicle velocity divided 
by distance traveled, or (vehicle velocity)/distance traveled. 
The steady running phase (E2) is divided into a high speed 

running phase in which a given distance or more is traveled at 
a vehicle velocity above a prescribed velocity and other 
phases for the purpose of data collection. (Claim 15) 

In calculating fuel consumption for actual driving, data 
from the fuel flow rate measuring means (5) is integrated for 
each of the plural phases (E1-E4) and all the integrated values 
for the phases (E1-E4) from start to stop are totaled. (Claim 
16) 
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For all the parameters (P1-P6), actual vehicle total mass 
(m) is calculated for measured vehicle velocity (V) and the 
vehicle's specification and an evaluation of fuel consumption 
is made in consideration of the vehicle total mass (m). (Claim 
17) 

Output means (26) are provided and fuel consumption rate 
for actual driving against average driving and fuel consump 
tion rate for target driving against average driving are calcu 
lated and an evaluation based on the calculated fuel consump 
tion rates is outputted. (Claim 18) 
A fuel consumption evaluation system according to the 

invention comprises: engine speed measuring means (2) 
which measures engine speed (N) of a vehicle (1); accelerator 
opening degree measuring means (3) which measures an 
accelerator opening degree (C); vehicle Velocity measuring 
means (4) which measures vehiclevelocity (V); fuel flow rate 
measuring means (5) which measures a fuel flow rate (Fw); 
engine load measuring means (6) which measures engine 
load (L); and storage means (onboard database 7) which 
stores data on measured engine speed (N), accelerator open 
ing degree (C), vehicle velocity (v), fuel flow rate (Fw) and 
engine load (L); control means (20) which calculates fuel 
consumption (Q) of the vehicle (1) and vehicle mass (m) from 
the various data; and display means (monitor 12) which is 
installed in the vehicle (1); the system is characterized in that 
the control means (20) divides a run from start to stop into a 
plurality of phases (E1-E4), sets fuel consumption-related 
parameters (“start acceleration shift-up engine speed N1 P1, 
“start acceleration accelerator opening degree C.1” P2, 
“steady running engine speed N2, P3, “vehiclevelocity (V)/ 
distance traveled 'P4, "deceleration coasting ratio” P5 and 
“idling velocity” P6) for each of the plural phases (E1-E4), 
calculates fuel consumption rate (W) of actual driving against 
average driving and fuel consumption rate (W) of target driv 
ing against average driving based on correlation between the 
parameters (P1-P6) and fuel consumption rates (W) against 
average driving, makes an evaluation based on the calculated 
fuel consumption rates (W), and displays the evaluation result 
on the display means (monitor 12). (Claim 19) 
The plural phases (E1-E4) include: a phase (start accelera 

tion phase E1) in which the accelerator opening degree (C) is 
increased from a relatively low velocity and vehicle velocity 
(V) or average moving vehicle Velocity increases; a phase 
(deceleration phase E3) in which the accelerator opening 
degree (C) is decreased; a phase (idling phase E4) in which 
the accelerator opening degree (C) is relatively small and 
engine speed (N) is relatively low; and a steady running phase 
(E2) which is different from the above three phases. (Claim 
20) 

In the fuel consumption evaluation system according to the 
invention, for the phase (start acceleration phase E1) in which 
the accelerator opening degree (C) is increased from a rela 
tively low velocity and vehicle velocity (V) or average mov 
ing vehicle velocity increases, the parameters (P1, P2) are 
engine speed (shift-up engine speed N1: P1) in gear shift and 
accelerator opening degree (C.1: P2); for the phase (decelera 
tion phase E3) in which the accelerator opening degree (C) is 
decreased, the parameter (deceleration coasting ratio P5) is 
the ratio of distance (A) traveled with the accelerator and 
brake off to the sum (A+B) of distance (A) traveled with the 
accelerator and brake off and distance (B) traveled (decelera 
tion) with the brake on; for the phase (idling phase E4) in 
which the accelerator opening degree (a) is relatively small 
and engine speed (N) is relatively low, the parameter (P6) is 
vehicle Velocity; and for the steady running phase which is 
different from the above three phases, the parameter (P3) is 
engine speed (steady running engine speed N2). (Claim 21) 
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6 
Preferably the parameter for fuel consumption in a run 

from start to stop should be squared vehicle velocity divided 
by distance traveled, or vehicle velocity (V)/distance trav 
eled. 
The steady running phase (E2) is divided into a high speed 

running phase in which a given distance or more is traveled at 
a vehicle velocity above a prescribed velocity and other 
phases for the purpose of data collection. (Claim 22) 

In calculating fuel consumption for actual driving, data 
from the fuel flow rate measuring means (5) is integrated for 
each of the plural phases (E1-E4) and all the integrated values 
for the phases (E1-E4) from start to stop are totaled. (Claim 
23) 

For all the parameters (P1-P6), actual vehicle total mass 
(m) is calculated for measured vehicle velocity (V) and the 
vehicle (1)'s specification and an evaluation of fuel consump 
tion is made in consideration of the vehicle total mass (m). 
(Claim 24) 

Output means (22) are provided and fuel consumption rate 
for actual driving against average driving and fuel consump 
tion rate for target driving against average driving are calcu 
lated and an evaluation based on the calculated fuel consump 
tion rates is outputted. (Claim 25) 

EFFECT OF THE INVENTION 

The fuel consumption evaluation system with the configu 
ration and evaluation method according to claims 1 to 11 of 
the invention divides stored travel data from start to stop into 
a plurality of phases (E1: start acceleration phase, E2: steady 
running phase, E3: deceleration phase, E4: idling phase) 
(FIG. 2), 

sets fuel consumption-related parameters ('start accelera 
tion shift-up engine speed N1 and accelerator opening degree 
C1' P1, “steady running engine speed N2 P2, “deceleration 
coasting ratio P3 and “idling velocity V4” P4 or “(vehicle 
velocity)/distance traveled S P5) for each of the plural 
phases (FIG. 4), 

determines fuel consumption (Q1-Q4) for each of the plu 
ral phases (E1-E4) based on correlation (correlation line F in 
FIG. 5) between the parameters and fuel consumption (fuel 
consumption per unit distance traveled q), and 
makes an evaluation based on the determined fuel con 

Sumption (Q). 
The abovementioned parameters (P1-P5) are easily asso 

ciated with the way of driving to improve the accuracy of fuel 
consumption (Q) calculated on the basis of these parameters. 
A frequency distribution of travel data in connection with 

each of the parameters (P1-P5) is nearly a normal distribution 
(FIG. 4). By processing numerous such travel data, the aver 
age (mean value) and the degree of dispersion can be known 
in the frequency distribution for each of the parameters (P1 
P5). 

Such data is added to the database (11) to create a new 
database with improved accuracy; and also the database can 
be updated to match the performance of an upgraded vehicle 
(1). 
The parameters (P1, P2, P4, P5) except “deceleration 

coasting ratio” (P3) are correlated with fuel consumption per 
unit distance (q) for each phase (E1-E5) (correlation line F in 
FIG. 5). Therefore, average fuel consumption per unit dis 
tance (q) L/km can be calculated from the average (mean 
value) in the frequency distribution for each of the parameters 
(FIG. 4) and correlation between the parameters and fuel 
consumption per unit distance (q) (correlation line F in FIG. 
5). Average fuel consumption for each running phase can be 
calculated by multiplying this value by distance traveled (S) 
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for each phase. When the calculated average fuel consump 
tion for each phase is multiplied by a correction coefficient 
(K)as necessary, more adequate fuel consumption data can be 
obtained. By comparing the fuel consumption (Q) calculated 
from actual travel data against the average fuel consumption 
(Qm) for each phase as calculated by this method, how much 
fuel has been saved or wasted as compared to average driving 
can be quantitatively known (FIG. 6). Also this can be asso 
ciated with the driver's way of driving. 

In connection with deceleration coasting ratio (P3), fuel 
efficiency is improved by taking full advantage of the kinetic 
energy of the vehicle (truck) 1 and minimizing the use of the 
brake. 

According to the present invention, Equation 1 given below 
may be used in order to quantitatively know how much fuel 
has been saved (if the calculation result is negative) or wasted 
(if it is positive) as compared to the average way of using the 
coasting mode): 

Ag=Sdx (B-Y)/100g (Equation 1) 

where 
AQ: fuel saving (unit: L) against the average (mean) (Qm) 

of fuel consumption in the deceleration phase (E3) (if nega 
tive), (or fuel waste if positive); 

Sd: distance traveled unit: km in the deceleration phase 
E3) 

B: average deceleration coasting ratio unit: % 
y: actual deceleration coasting ratio unit: % 
q: fuel consumption per unit distance traveled unit: L/km 
If a target deceleration coasting ratio is Substituted for the 

average deceleration coasting ratio in Equation 1, whether 
fuel has been saved or wasted as compared to the target is 
known. 

Furthermore, if, in reference to standard deviation, etc. in a 
frequency distribution, the target for each parameter is 
assumed to be the average +(or -) 0.0O (standard deviation), 
the target fuel consumption per unit distance for each param 
eter can be obtained. By comparison of actual travel data 
against this target, it is possible to quantitatively evaluate how 
better or worse the driver's way of driving and fuel consump 
tion are than the target. 

Since actual driving and fuel consumption can be quanti 
tatively evaluated in comparison with average (Qm) or target 
as mentioned above, it is possible to concretely advise how to 
drive and how to improve the way of driving and show fuel 
consumption saving achievable by the improvement in mon 
etary terms in a report handed to the driver and/or manager. 

It is also possible to evaluate the overall saving or waste of 
fuel as compared to the average or target fuel consumption by 
comparing the total of fuel consumptions determined from 
the parameters in actual travel data against the total of average 
or target fuel consumptions. 
The average level may be variable to suit the situation of 

each freight company. Similarly the target level may be vari 
able. 

When decelerations due to downhill slopes and decelera 
tions from high speed are excluded from the decelerating 
distance in the deceleration phase, analysis better reflects the 
influence of the driver's way of driving. 

Here, the road is decided to be a “downhill slope” when the 
accelerator opening degree is below a prescribed leveland the 
engine speed is above a predetermined value, and an accel 
eration above a prescribed level for a relevant gear ratio is 
generated. When the traveled distance thus related to a down 
hill slope is excluded from the decelerating distance and the 
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8 
coasting distance, analysis better reflects the influence of the 
driver's way of driving in the deceleration phase including a 
“downhill slope”. 
When calculating deceleration coasting ratio (P3) in the 

deceleration phase, if the accelerator should be intentionally 
turned on and off repeatedly (periodically), the deceleration 
coasting ratio (P3) would become high, resulting in a mis 
judgment that fuel-efficient driving has been done. In order to 
avoid such a misjudgment, a decision is made as to whether 
the accelerator has been turned on and off periodically and the 
corresponding distance is excluded from the decelerating 
distance so that the deceleration coasting ratio is properly 
determined. 
When calculating steady running engine speed in the 

steady running phase, uphill slopes are excluded from the 
calculation so that analysis better reflects the influence of the 
driver's way of driving. 

Here, the road is decided to be a “downhill slope” when the 
accelerator opening degree is above a prescribed level and the 
acceleration is below a prescribed acceleration level for a 
relevant gear ratio. The traveled distance thus related to an 
uphill slope is excluded from calculation of the steady run 
ning engine speed so that analysis better reflects the influence 
of the driver's way of driving in the steady running phase 
including an “uphill slope'. 

In order to evaluate the degree of driving fuel efficiency in 
a high speed running phase (E21), the following three evalu 
ation parameters are used: (1) High speed running engine 
speed; (2) High speed running vehicle Velocity; and 
(3) Ineffective braking 

Parameters (1) and (2) are correlated with fuel consump 
tion per unit distance (q) and evaluations can be made with the 
abovementioned procedure. For parameter (3), the quantity of 
fuel consumed to accelerate the vehicle before or after brak 
ing is calculated. An extra fuel consumption is calculated by 
Subtracting from this calculated quantity of consumed fuel 
the quantity of fuel which would be consumed by driving 
normally or without braking. 
The extra fuel consumption thus calculated is compared 

with the extra fuel consumed by average driving with braking 
and the surplus may be considered to be wasted fuel. 

Besides, it is possible to calculate the time period of idling 
during a stop and the quantity of fuel consumed by Suchidling 
so that the driver is advised and Supervised to avoid long 
idling during a stop and waste of fuel. Doing so will raise the 
driver's awareness of fuel-efficient driving and help enhance 
the corporate image of the freight company. 
The advantageous effects of the fuel consumption evalua 

tion system according to claims 1 to 11 are summarized 
below: 
(1) Since it is possible to know concretely how the way of 

driving should be improved and how much fuel can be 
saved by such improvement, the driver is well motivated to 
make an effort toward fuel-efficient driving. 

(2) The manager can know quantitatively from fuel consump 
tion data about how fuel-efficiently the driver drove the 
vehicle actually and make the driver's effort reflected in the 
evaluation of the driver. Also, concrete driving advice can 
be given on the basis of the database. 

(3) All that has been mentioned above leads to a considerable 
saving in fuel consumption and contributes to cost reduc 
tion and global environmental conservation and a better 
corporate image. 
The fuel consumption evaluation system with the configu 

ration and evaluation method according to claims 12 to 18 of 
the invention divides stored travel data from start to stop into 
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a plurality of phases (E1: start acceleration phase, E2: steady 
running phase, E3: deceleration phase, E4: idling phase) 
(FIG. 10), sets fuel consumption-related parameters (“start 
acceleration shift-up engine speed N1 P1, “start acceleration 
accelerator opening degree C.1” P2, 'steady running engine 
speed N2, P3, “vehicle velocity (V)/distance traveled P4, 
“deceleration coasting ratio” P5 and “idling velocity'P6) for 
each of the plural phases, calculates the fuel consumption rate 
for actual driving and the fuel consumption rate for target 
driving based on correlation between the parameters (P1-P6) 
and fuel consumption rate (W) for a given way of driving 
against average driving (100%), and further makes a correc 
tion on the calculated fuel consumption rate based on actual 
vehicle total mass, so that fuel consumption is accurately 
evaluated. 

Since not only an absolute value of fuel consumption is 
shown but also comparison againstaverage driving and target 
driving is made parameter by parameter, the evaluation is 
easy to understand and realistic measures to improve fuel 
efficiency (promote fuel-efficient driving) can be taken. 
A target fuel efficiency and the quantity of fuel which can 

be saved can be calculated as follows. 
The following steps are taken for each parameter (P1-P6) 

in each phase (E1-E4). 
(1) Fuel consumption for actual driving (G) is calculated by 

integrating fuel flow rate signal data from a fuel meter 
(5) or an engine control unit (not shown). 
(2) Fuel consumption for average driving (Ga) is calculated 
by multiplying the fuel consumption for actual driving (G) 
by the fuel consumption rate for average driving (a 100%) 
against fuel consumption rate (w) for actual driving and 
then dividing the product by fuel consumption rate for 
actual driving (). 

(3) Fuel consumption for target driving (Gt) is calculated by 
multiplying the fuel consumption for actual driving (G) by 
fuel consumption rate for target driving (wt) and then divid 
ing the product by fuel consumption rate for actual driving 

(4) The quantity of fuel which can be saved, namely the 
difference (AG) between the fuel consumption for actual 
driving and that for target driving is calculated by Subtract 
ing fuel consumption for target driving (Gt) from fuel 
consumption for actual driving (G). 

Next, the calculation results for each running phase (way of 
driving) are totaled to calculate the following values for a 
single run (from start to stop) or a single travel. 
(5) Fuel saving achievable in each run (from start to stop) or 

travel can be calculated by taking the above steps (1) to (4) 
to calculate the quantity of fuel which can be saved for each 
driving parameter and totaling the results. Also the quantity 
of fuel which can be saved in the deceleration phase is 
calculated from the deceleration coasting ratio and the 
result is added to the total. 

(6) The fuel consumption for target driving is calculated by 
subtracting the total of quantities of fuel which can be 
saved for the parameters, from the actual fuel consumption. 

(7) The targetfuel efficiency is calculated by dividing the fuel 
consumption for target driving by the distance traveled. 
In this way, the target fuel efficiency is calculated accu 

rately. 
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10 
The “target” for target driving may be obtained, for 

example, by Subtracting the standard deviation from the aver 
age in the frequency distribution as shown in FIG. 11. 

Since the above various fuel consumption data are output 
ted by the output means (22) and actual driving and fuel 
consumption can be quantitatively evaluated against the tar 
get for each parameter (P1-P6), it is possible to concretely 
advise how to drive and how to improve the way of driving 
and show fuel consumption saving achievable by the 
improvement in monetary terms in a report handed to the 
driver and/or manager. 

It is also possible to evaluate the overall saving or waste of 
fuel as compared to the average or target fuel consumption by 
comparing the total of fuel consumptions determined from 
the parameters (P1-P6) in actual travel data against the total of 
average or target fuel consumptions. 
The level of average driving may be variable in order to suit 

the situation of each freight company. Likewise the level of 
target driving may be variable. 
When calculating the deceleration coasting ratio (related to 

parameter P5) in the deceleration phase, if the accelerator 
should be intentionally turned on and off repeatedly (periodi 
cally), the deceleration coasting ratio (P5) would become 
high, resulting in a misjudgment that fuel-efficient driving has 
been done. In order to avoid such a misjudgment, a decision 
is made as to whether the accelerator has been turned on and 
off periodically and the corresponding distance is excluded 
from the decelerating distance so that the deceleration coast 
ing ratio is properly determined. 

It is possible to calculate the time period of idling during a 
stop and the quantity of fuel consumed by Such idling so that 
the driver is advised and supervised to avoid long idling 
(related to parameter P6) during a stop and waste of fuel. 
Doing so will raise the driver's awareness of fuel-efficient 
driving and help enhance the corporate image of the freight 
company. 
The advantageous effects of the fuel consumption evalua 

tion system according to claims 12 to 18 are summarized 
below: 
(1) Since it is possible to know concretely how the way of 

driving should be improved and how much fuel can be 
saved by Such improvement in comparison with average 
driving, the driver is well motivated to make an effort 
toward fuel-efficient driving. 

(2) The manager can know how fuel-efficiently the driver 
drove the vehicle actually in comparison with average driv 
ing in terms of fuel consumption rate as comparison data 
and make the driver's effort reflected in the evaluation of 
the driver. Also, concrete driving advice can be given on the 
basis of the database. 

(3) An evaluation of fuel consumption can be made accurately 
in consideration of change in vehicle total mass without 
any influence of slopes and traffic flows 

(4) All that has been mentioned above leads to a considerable 
saving in fuel consumption and contributes to cost reduc 
tion and global environmental conservation and a better 
corporate image. 
The fuel consumption evaluation system with the configu 

ration and evaluation method according to claims 19 to 25 of 
the invention divides stored travel data from start to stop into 
a plurality of phases (E1: start acceleration phase, E2: steady 
running phase, E3: deceleration phase, E4: idling phase) 
(FIG. 22), sets fuel consumption-related parameters (“start 
acceleration shift-up engine speed N1 P1, “start acceleration 
accelerator opening degree C.1” P2, “steady running engine 
speed N2, P3, “vehicle velocity (V)/distance traveled' P4, 
“deceleration coasting ratio” P5 and “idling velocity'P6) for 
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each of the plural phases, calculates the fuel consumption rate 
for actual driving and the fuel consumption rate (W) of target 
driving based on correlation between the parameters (P1-P6) 
and fuel consumption rate (W) for a given way of driving 
against average driving (100%), and further makes a correc 
tion on the calculated fuel consumption rate based on actual 
vehicle total mass, so that fuel consumption is accurately 
evaluated. 

Since an evaluation of fuel consumption is shown on the 
onboard display means (monitor 12) in real time, it is possible 
to learn fuel-efficient driving through OJT (on the job train 
ing). 

Since not only an absolute value of fuel consumption is 
shown but also comparison againstaverage driving and target 
driving is made parameter by parameter, the evaluation is 
easy to understand and realistic measures to improve fuel 
efficiency (promote fuel-efficient driving) can be taken 
immediately. 
A target fuel efficiency and the quantity of fuel which can 

be saved can be calculated as follows. 
The following steps are taken for each parameter (P1-P6) 

in each phase (E1-E4). 
(1) Fuel consumption for actual driving (G) is calculated by 

integrating fuel flow rate signal data from the fuel meter (5) 
or the engine control unit (not shown). 

(2) Fuel consumption for average driving (Ga) is calculated 
by multiplying the fuel consumption for actual driving (G) 
by the fuel consumption rate for average driving 
(wa–100%) against fuel consumption rate (w) for actual 
driving and then dividing the product by fuel consumption 
rate for actual driving () 

(3) Fuel consumption for target driving (Gt) is calculated by 
multiplying the fuel consumption for actual driving (G) by 
fuel consumption rate for target driving (wt) and then divid 
ing the product by fuel consumption rate for actual driving 

(4) The quantity of fuel which can be saved, namely the 
difference (AG) between the fuel consumption for actual 
driving and that for target driving is calculated by Subtract 
ing fuel consumption for target driving (Gt) from fuel 
consumption for actual driving (G). 

Next, the calculation results for each running phase (way of 
driving) are totaled to calculate the following values for a 
single run (from start to stop) or a single travel. 
(5) The total quantity of fuel which can be saved in each run 

(from start to stop) or travel can be calculated by calculat 
ing the quantity of fuel which can be saved for each driving 
parameter and totaling the results. Also in connection with 
the deceleration phase, the quantity of fuel which can be 
saved is calculated from the deceleration coasting ratio and 
the result is added to the total. 

(6) The fuel consumption for target driving is calculated by 
subtracting the total of quantities of fuel which can be 
saved for the parameters, from the actual fuel consumption. 

(7) The target fuel efficiency is calculated by dividing the 
distance traveled by the fuel consumption for actual driv 
1ng. 

In this way, the target fuel efficiency is calculated accurately. 
The “target” for target driving may be obtained, for 

example, by Subtracting the standard deviation from the aver 
age in the frequency distribution as shown in FIG. 23. 
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Since the above various fuel consumption data are output 

ted by the output means (22) and the fuel efficiency of actual 
driving and fuel consumption can be quantitatively evaluated 
against the target for each parameter (P1-P6), it is possible to 
concretely advise how to drive and how to improve the way of 
driving and show fuel consumption saving achievable by the 
improvement in monetary terms in a report handed to the 
driver and/or manager. 

It is also possible to evaluate the overall saving or waste of 
fuel as compared to the average or target fuel consumption by 
comparing the total of fuel consumptions determined from 
the parameters (P1-P6) in actual travel data against the total of 
average or target fuel consumptions. 
The above information appears in real time on the monitor 

12 in the vehicle (1), which is very useful in education about 
fuel efficient driving. 
The level of average driving may be variable in order to suit 

the situation of each freight company. Likewise the level of 
target driving may be variable. 
When calculating the deceleration coasting ratio (related to 

parameter P5) in the deceleration phase, if the accelerator 
should be intentionally turned on and off repeatedly (periodi 
cally), the deceleration coasting ratio (P5) would become 
high, resulting in a misjudgment that fuel-efficient driving has 
been done. In order to avoid such a misjudgment, a decision 
is made as to whether the accelerator has been turned on and 
off periodically and the corresponding distance is excluded 
from the decelerating distance so that the deceleration coast 
ing ratio is properly determined. 

It is possible to calculate the time period of idling during a 
stop and the quantity of fuel consumed by Such idling so that 
the driver is advised and Supervised to avoid long idling 
(related to parameter P6) during a stop and waste of fuel. 
Doing so will raise the driver's awareness of fuel-efficient 
driving and help enhance the corporate image of the freight 
company. 
The advantageous effects of the fuel consumption evalua 

tion system according to claims 19 to 25 are summarized 
below: 
(1) Since it is possible to know concretely how the way of 

driving should be improved and how much fuel can be 
saved by Such improvement in comparison with average 
driving, the driver is well motivated to make an effort 
toward fuel efficient driving. 

(2) The manager can know how fuel-efficiently the driver 
drove the vehicle actually in comparison with average driv 
ing in terms of fuel consumption rate as comparison data 
and make the driver's effort reflected in the evaluation of 
the driver. Also, concrete driving advice can be given on the 
basis of the database. 

(3) An evaluation of fuel consumption can be made accurately 
in consideration of change in vehicle total mass without 
any influence of slopes and traffic flows. 

(4) All information as mentioned above in (1)–(4) appears in 
real time on the monitor 12, which is very useful for the 
driver to learn fuel-efficient driving. 

(5) All that has been mentioned above leads to a considerable 
saving in fuel consumption and contributes to cost reduc 
tion and global environmental conservation and a better 
corporate image. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Next, preferred embodiments of the present invention will 
be described in reference to the accompanying drawings. 
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First, a first embodiment of the invention will be described 
in reference to FIGS. 1 to 7. 

The fuel consumption evaluation system according to the 
first embodiment comprises: engine speed measuring means 
2 which measures the engine speed (number of revolutions)N 
of a truck 1 (hereinafter the engine speed measuring means is 
called the engine speed sensor); accelerator opening degree 
measuring means 3 which measures accelerator opening 
degree C. (hereinafter the accelerator opening degree measur 
ing means is called the accelerator opening degree sensor): 
vehicle Velocity measuring means 4 which measures vehicle 
velocity V (hereinafter the vehicle velocity measuring means 
is called the vehiclevelocity sensor); fuel flow rate measuring 
means 5 which measures fuel flow rate Fw (hereinafter the 
means is called the fuel meter); and control means 10 which 
evaluates fuel consumption Q of the truck 1 from the mea 
Sured engine speed N, accelerator opening degree C. Vehicle 
velocity V, and fuel flow rate Fw (hereinafter the control 
means is called the control unit). 
The control unit 10 includes storage means 11 mounted in 

the vehicle 1 to be evaluated (hereinafter the storage means is 
called the database), and for example, a computer unit 12, a 
display unit 13, input means 14 and a printer 15 which are 
installed in a business office, and a memory card 16 which the 
driver can carry. 
As shown in FIG. 2, the control unit 10 divides a run from 

start to stop into four phases: start acceleration phase E1. 
steady running phase E2, deceleration phase E3, and idling 
phase E4. For the four phases E1-E4, it sets parameters P1-P4 
related to fuel consumption Q respectively where P1 refers to 
“start acceleration shift-up engine speed N1 and accelerator 
opening degree C.1. P2 “steady running engine speed N2, 
P3 “deceleration coasting ratio” and P4“idling velocity V4'. 
It determines fuel consumptions (quantities) Q1-Q4 for the 
phases E1-E4 based on correlation between the parameters 
P1-P4 and fuel efficiency (fuel consumption per unit distance 
traveled) q (expressed by correlation line F in FIG. 5) and 
makes an evaluation based on the determined fuel consump 
tions Q1-Q4. 
When the distance traveled from start to stop is not so long 

and the vehiclevelocity is high in the period from start to stop, 
the ratio of energy discarded as heat by braking is large. 
Therefore, when the distance traveled is below a predeter 
mined distance, “vehiclevelocity (V)/distance traveled Sis 
used as parameter P5 for fuel efficiency evaluation. 

Here, what parameter P5 “vehicle velocity (V)/distance 
traveled S' means is expressed by a characteristic graph in 
FIG. 3 which shows squared vehicle velocity V versus dis 
tance traveled S. In the graph, characteristic line a represents 
driving with average acceleration and deceleration and char 
acteristic line b represents driving with a vehicle velocity 
higher than necessary. The graph illustrates that a vehicle 
Velocity higher than necessary requires a larger energy and 
the energy is discarded as braking heat during deceleration, 
resulting in waste of energy. The Zone surrounded by the lines 
a and b expresses the energy which is wasted as compared to 
driving with average acceleration and deceleration. 
On the other hand, characteristic line c represents driving 

with the minimum required energy consumed by acceleration 
and therefore the Zone surrounded by the lines a and c con 
ceptually expresses the saved energy. 

Here, the reason that squared vehicle velocity V is divided 
by distance traveled S is that the distance traveled varies from 
one case to another and thus comparison in Velocity per unit 
distance ensures equity in comparison. 
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The abovementioned parameters P1-P5 are easily associ 

ated with the way of driving and accuracy is improved in the 
calculation of fuel consumption Q on the basis of these 
parameters. 
A frequency distribution of travel data in connection with 

each of the parameters P1-P5 is nearly a normal distribution 
as shown in FIG. 4. By processing numerous such travel data, 
the average (mean value) and the degree of dispersion in the 
frequency distribution for each of the parameters P1-P5 can 
be known. 

Such data is added to the database 11 in the control unit 10 
to create a new database with improved accuracy; and also as 
upgraded vehicle models are introduced year by year, the 
database can be updated to match the performance of an 
upgraded vehicle 1. 
The parameters except P3 “deceleration coasting ratio'. 

namely “start acceleration shift-up engine speed N1 and 
accelerator opening degree C.1. P1, “steady running engine 
speed N2” P2, “idling velocity V4' P4 and “(vehiclevelocity) 
°/distance traveled S. P5 are correlated with fuel efficiency 
(fuel consumption per unit distance q) for each phase (E1-). 
An average fuel efficiency (fuel consumption per unit dis 

tance q) L/km can be calculated from the average (mean 
value) in the frequency distribution for each of the parameters 
P1, P2, P4 and P5 (FIG. 4) and the correlation between the 
parameter and fuel efficiency (fuel consumption per unit dis 
tance q) (correlation line F in FIG. 5). 
As shown by the formula in FIG. 6 (in the margin of Table 

1: How to Calculate Fuel Consumption), an average fuel 
consumption (Q: Q1-) in each phase (E1-E5) can be calcu 
lated by multiplying this value q by distance traveled S in each 
phase. 

That is, the calculation formula for fuel consumption Q is 
as follows: 
Q-Sxq (Equation 2) (in Some cases, Q is multiplied by 

correction coefficient K) 
where 
Q: fuel consumption unit: L 
S: distance traveled (unit: km) 
q: driving fuel efficiency unit: L/km (fuel consumption 

per unit distance traveled as found from FIG. 5) 
As an example of calculating fuel consumption Q is given 

below on the assumption that 2000 km was run steadily and 
the steady running engine speed N was 1100 rpm. 

If driving fuel efficiency q at steady running engine speed 
1100 rpm is found from FIG. 5 to be, for example, expressed 
as follows: 

q=0.25 L/km 

then, 
O=2000 kmx0.25 L/km=500L 

Hence, it is found that 100 L (500-400) of fuel was 
wasted as compared to the average fuel consumption (middle 
row in the table) indicated in FIG. 6. 

Furthermore, when the calculated average fuel consump 
tion Q for each phase E is multiplied by a correction coeffi 
cient as necessary (for example, for a monthly target at a 
business office), more adequate fuel consumption data can be 
obtained. 
By comparing the fuel consumption Q calculated from 

actual travel data against the average fuel consumption Qm 
for each phase as calculated by this method, how much fuel 
has been saved or wasted as compared to average driving can 
be quantitatively known. Also this can be associated with the 
driver's way of driving. 
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In connection with P3 “deceleration coasting ratio” (see 
FIG. 2 again), fuel efficiency is improved by taking full 
advantage of the kinetic energy of the vehicle (truck) 1 and 
minimizing the use of the brake. 

According to the present invention, Equation 1 given below 
may be used in order to quantitatively know how much fuel 
has been saved (if the calculation result is negative) or wasted 
(if the calculation result is positive) as compared to the aver 
age way of using the coasting mode): 

Ag=Sdx (B-Y)/100g (Equation 1) 

where 
AQ: fuel saving unit: LI against the average Qm of fuel 

consumption in the deceleration phase (if negative), (or fuel 
waste if positive); 

Sd: distance traveled unit: km in the deceleration phase 
E3) 

B: average deceleration coasting ratio unit: % 
y: actual deceleration coasting ratio unit: % 
q: fuel consumption per unit distance traveled unit: L/km 
As mentioned above, if a target deceleration coasting ratio 

is Substituted for the average deceleration coasting ratio in 
Equation 1, whether fuel has been saved or wasted as com 
pared to the target is known. 

Furthermore, if, in reference to standard deviation, etc. in a 
frequency distribution as shown in FIG. 4, the target for each 
parameter is assumed to be the average +(or-)0.0O (standard 
deviation), the target fuel consumption per unit distance q for 
each parameter can be obtained. By comparison of actual 
travel data against this target, it is possible to quantitatively 
evaluate how better or worse the drivers way of driving and 
fuel consumption are than the target. 

Since actual driving and fuel consumption can be quanti 
tatively evaluated in comparison with the average or target as 
mentioned above, it is possible to concretely advise how to 
drive and how to improve the way of driving and show fuel 
consumption saving achievable by the improvement in mon 
etary terms in a report handed to the driver and/or manager. 

It is also possible to evaluate the overall saving or waste of 
fuel as compared to the average or target fuel consumption by 
comparing the total of fuel consumptions Q determined from 
the parameters in actual travel data against the total of average 
or target fuel consumptions. 
The average level may be variable to suit the situation of 

each freight company. Similarly the target level may be vari 
able. 
When decelerations due to downhill slopes and decelera 

tions from high speed are excluded from the decelerating 
distance in the deceleration phase E3, analysis better reflects 
the influence of the driver's way of driving. 

Here, the road is decided to be a “downhill slope” when the 
accelerator opening degree C. (FIG. 2) detected by the accel 
erator opening degree sensor (3 in FIG. 1) is below a pre 
scribed level and the engine speed N is above a predetermined 
value and an acceleration above a prescribed acceleration 
level for a relevant gear ratio is generated. When the traveled 
distance thus related to a downhill slope is excluded from the 
decelerating distance and the coasting distance, analysis bet 
ter reflects the influence of the driver's way of driving in the 
deceleration phase including a "downhill slope”. 
As shown in FIG. 2, when calculating deceleration coast 

ing ratio P3 in the deceleration phase E3 as expressed by 
A/(A+B) (where A represents coasting distance and B brak 
ing distance), if the accelerator should be intentionally turned 
on and offrepeatedly (periodically), the deceleration coasting 
ratio would become high, resulting in a misjudgment that 
fuel-efficient driving has been done. 
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In order to avoid such a misjudgment, a decision is made as 

to whether the accelerator has been turned on and off peri 
odically and the corresponding distance is excluded from the 
decelerating distance so that the deceleration coasting ratio is 
properly determined. 
When calculating steady running engine speed N2 in the 

steady running phase E2, uphill slopes are excluded from the 
calculation so that analysis better reflects the influence of the 
driver's way of driving. 

Here, the road is decided to be a “downhill slope” when the 
accelerator opening degree C. is above a prescribed level and 
the acceleration is below a prescribed acceleration level for a 
relevant gear ratio. The traveled distance thus related to an 
uphill slope is excluded from calculation of the steady run 
ning engine speed so that analysis better reflects the influence 
of the driver's way of driving in the steady running phase 
including an “uphill slope'. 

In order to evaluate the degree of driving fuel efficiency in 
a high speed running phase E21 (some part of the steady 
running phase E2 in FIG. 2), the following three evaluation 
parameters are used: 
(1) High speed running engine speed 
(2) High speed running vehicle Velocity 
(3) Ineffective braking 

Parameters (1) and (2) are correlated with fuel consump 
tion per unit distance q and evaluations can be made with the 
abovementioned procedure. 

For parameter (3), the quantity of fuel consumed to accel 
erate the vehicle before or after braking is calculated. An extra 
fuel consumption is calculated by Subtracting from this cal 
culated quantity of consumed fuel the quantity of fuel which 
would be consumed by driving normally or without braking. 

Besides, it is possible to calculate the time period of idling 
during a stop and the quantity of fuel consumed by Suchidling 
so that the driver is advised and Supervised to avoid long 
idling during a stop and waste of fuel. Doing so will raise the 
driver's awareness of fuel-efficient driving and help enhance 
the corporate image of the freight company. 

Next, the evaluation sequence (program) which the fuel 
consumption evaluation system according to the first embodi 
ment executes will be described referring to FIG. 7. 

First, the program is started and travel data stored so far in 
the onboard database 11 is read, for example, into a memory 
card 16 (step S1). The copy data in the memory card 16 is 
entered into a computer 12 at a business office by inserting the 
memory card 16 into it and the computer 12 calculates actual 
fuel consumption Q, distance traveled S and fuel efficiency q 
(step S2). 

Then, a run is divided into different phases (start accelera 
tion phase E1, steady running phase E2, deceleration phase 
E3, idling phase E4) (step S3); and processing for driving fuel 
efficiency evaluation for the start acceleration phase E1 is 
performed (step S4); processing for driving fuel efficiency 
evaluation for the steady running phase E2 is performed (step 
S5); processing for driving fuel efficiency evaluation for the 
deceleration phase E3 is performed (step S6); processing for 
driving fuel efficiency evaluation for the idling phase E4 is 
performed (step S7); and processing for driving fuel effi 
ciency evaluation for the idling phase E4 is performed (step 
S8). 

Next, average fuel consumption Qm and fuel efficiency 
(fuel consumption per unit distance) q are calculated (step S9) 
and Subsequently target fuel consumption and fuel efficiency 
are calculated (step S10). 
At step S11, the calculated actual fuel consumption Q and 

fuel efficiency q are compared against the targets calculated at 
steps S9 and S10 and actual driving is evaluated. Lastly, all 
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the results are compiled in the form of a drive advice report 
(step S12) to finish all control operation (evaluation process). 
The fuel consumption evaluation system with the above 

configuration and evaluation method according to the first 
embodiment offers the following advantages: 
(1) Since it is possible to know concretely how the way of 

driving should be improved and how much fuel can be 
saved by such improvement, the driver is well motivated to 
make an effort toward fuel-efficient driving. 

(2) The manager can know quantitatively from fuel saving 
data about how fuel-efficiently the driver drove the vehicle 
actually and make the driver's effort reflected in the evalu 
ation of the driver. Also, concrete driving advice can be 
given on the basis of the database. 

(3) All that has been mentioned above leads to a considerable 
saving in fuel consumption and contributes to cost reduc 
tion and global environmental conservation and a better 
corporate image. 
Next, a second embodiment of the invention will be 

described referring to FIG. 8. 
In the first embodiment as shown in FIGS. 1 to 7, the 

detection means for various parameters, namely the engine 
speed sensor 2, accelerator opening degree sensor 3, vehicle 
velocity sensor 4 and fuel flow meter 5, are connected with the 
onboard database 11 through exclusive lines respectively. 
On the other hand, in the second embodiment as shown in 

FIG. 8, an accelerator signal, a fuel flow rate signal, a vehicle 
Velocity signal, and an engine speed signal are collected as 
digital signals in a LAN repeater 6 by an in-vehicle commu 
nication network 'in-vehicle LAN” and stored in an onboard 
database 11 through two wires (communication cable) W. 
Except these points, the system is Substantially equivalent to 
the first embodiment shown in FIGS. 1 to 7 in all aspects 
including operation and effects and detailed description of the 
system is omitted. 

Next, a third embodiment of the present invention will be 
described referring to FIGS.9 to 18. 
As illustrated in FIG. 9, the fuel consumption evaluation 

system according to the third embodiment consists of equip 
ment U1 in the vehicle and equipment U2 on the management 
side and a memory card 15 as a means to transfer data col 
lected by the vehicle equipment U1 to the management side 
equipment U2. 
The management side here refers to the vehicle manage 

ment department of the freight company which owns the 
vehicle or the like. 
The vehicle equipment U1 comprises: engine speed mea 

Suring means 2 which measures the engine speed (number of 
revolutions) of the vehicle (truck in the figure) 1 (hereinafter 
the engine speed measuring means is called the engine speed 
sensor); accelerator opening degree measuring means 3 
which measures accelerator opening degree C. (hereinafter the 
accelerator opening degree measuring means is called the 
accelerator opening degree sensor); Vehicle Velocity measur 
ing means 4 which measures vehicle velocity V (hereinafter 
the vehicle Velocity measuring means is called the vehicle 
velocity sensor); fuel flow rate measuring means 5 which 
measures fuel flow rate Fw (hereinafter the fuel flow rate 
measuring means is called the fuel meter); engine load mea 
Suring means 6 which measures engine load L (hereinafter the 
engine load measuring means is called the engine load sen 
sor); and onboard storage means 7 which stores the measured 
engine speed N, accelerator opening degree C. Vehicle Veloc 
ity V, fuel flow rate Fw and engine load Las vehicle signals 
(hereinafter the onboard storage means is called the onboard 
database). 
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The management side equipment U2 comprises: control 

means 20 which calculates the total mass of the vehicle 1 in 
service from the measured engine speed N, accelerator open 
ing degree C. vehiclevelocity V, fuel flow rate Fw, and engine 
load L as vehicle data and evaluates fuel consumption Q 
(control unit: a personal computer for fuel efficiency data 
analysis); a printer 22 as an output means which outputs the 
result of the evaluation; and a keyboard 24 as an input means 
supplied with the control unit 20. 
As shown in FIG. 10, the control unit 20 divides a run from 

start to stop into four phases: start acceleration phase E1. 
steady running phase E2, deceleration phase E3, and idling 
phase E4. 

For the four phases E1-E4, it sets parameters P1-P4 related 
to fuel consumption Q where P1 refers to “start acceleration 
shift-up engine speed N1, P2 “start acceleration accelerator 
opening degree C.1. P3 "steady running engine speed N2'. 
P4 “vehicle velocity (V)/distance traveled”, P5 “decelera 
tion coasting ratio” and P6 “idling velocity'. It determines 
fuel consumption rate for each of the phases E1-E4 based on 
correlation between the parameters P1-P6 and fuel consump 
tion rate w against the fuel consumption rate for average 
driving which is assumed as 100% (the correlation is 
expressed by correlation line F in FIG. 12) and makes an 
evaluation based on the determined fuel consumption rate W. 
When the distance traveled from start to stop is not so long 

and the vehiclevelocity is high in the period from start to stop, 
the ratio of energy discarded as heat by braking is large. 
Therefore, when the distance traveled is below a predeter 
mined distance, “(vehicle velocity V)/distance traveled S is 
used as parameter P4 (not shown), which indicates the mag 
nitude of energy discarded as heat by braking, and P4 is 
evaluated in order to urge the driver to make an effort for 
fuel-efficient driving. 
The abovementioned parameters P1-P6 are easily associ 

ated with the way of driving and accuracy is improved in the 
calculation of fuel consumption Q on the basis of these 
parameters. 
A frequency distribution of travel data in connection with 

each of the parameters P1-P6 is nearly a normal distribution 
as shown in FIG. 11. By processing numerous such travel 
data, the average and the degree of dispersion in the frequency 
distribution for each of the parameters P1-P6 can be known. 

Such data is successively added to the database (not shown) 
in the control unit 20 to create a new database with improved 
accuracy; and also as upgraded vehicle models are introduced 
year by year, the database can be updated to match the per 
formance of an upgraded vehicle 1. 
The parameters except “deceleration coasting ratio' P5, 

namely, “start acceleration shift-up engine speed N1 P1, 
“start acceleration accelerator opening degree C.1” P2, 
“steady running engine speed N2, P3, “vehiclevelocity (V)/ 
distance traveled P4 and “idling velocity’ P6 are correlated 
with fuel consumption rate w against the fuel consumption 
rate for average driving in each phase (E1-E4) which is 
assumed as 100%. 

Fuel consumption rate WX for actual driving (actual run to 
be evaluated) can be calculated from the average in the fre 
quency distribution for each of the parameters P1-P4 and P6 
(FIG. 11) and the correlation between the parameter and fuel 
consumption rate (correlation line F in FIG. 12). 

Furthermore, in the frequency graph of FIG. 11, on the 
assumption of “target'="average-standard deviation.” point 
Nt in the horizontal axis in FIG. 12 is found as a point 
corresponding to “target for the parameter concerned (any of 
P1-P4 and P6) and a perpendicular line is drawn upward from 
Nt; then the intersection Ft of the line with the approximate 



US 7,454,962 B2 
19 

expression (line F) is found to correspond to graduation wt 
(90% in the case shown here) on the fuel consumption rate w 
scale as the vertical axis and thus this value indicates fuel 
consumption rate w against the fuel consumption rate for 
average driving (100%). 

Fuel consumption rate for actual driving is found by a 
similar calculation procedure to be 105% in the case shown 
here. 

In this case, the fuel consumption rate for actual driving is 
worse than that for average driving and its comparison with 
the target shows that a considerable effort to improve the way 
of driving is required. 

While the above method uses the fuel consumption rate w 
expressed as a percentage to the fuel consumption rate for 
average driving 100% as quantitative data for fuel consump 
tion evaluation, it is also possible to concretely calculate a 
target fuel efficiency and a quantity of fuel which can be 
saved. 

Next, the procedure of calculating a target fuel efficiency 
and the quantity of fuel which can be saved will be explained. 
The following steps are taken for each parameter (P1-P6) 

in each phase (E1-E4). 
(1) Fuel consumption for actual driving Gi is calculated by 

integrating fuel flow rate signal data from the fuel meter 5 
or the engine control unit (not shown). 

(2) Fuel consumption for average driving Ga is calculated by 
multiplying the fuel consumption for actual driving Gby 
fuel consumption rate for average driving (=100%) wa 
against fuel consumption rate for actual driving w and then 
dividing the product by fuel consumption rate for actual 
driving j. 

Ga=Gixa/i 

(3) Fuel consumption for target driving Git is calculated by 
multiplying the fuel consumption for actual driving Gby 
fuel consumption rate for target driving wit and then divid 
ing the product by fuel consumption rate for actual driving 
Wi. 

(4) The quantity of fuel which can be saved, namely the 
difference AG between the fuel consumption for actual 
driving and that for target driving is calculated by Subtract 
ing fuel consumption for target driving Git from fuel con 
Sumption for actual driving Gj. 

Next, the calculation results for each running phase (way of 
driving) are totaled to calculate the following values for a 
single run (from start to stop) or a single travel. 

(5) Fuel saving achievable in each run (from start to stop) or 
travel can be calculated by taking the above steps (1)–(4) to 
calculate the quantity of fuel which can be saved for each 
driving parameter and totaling the results. Also the quantity 
of fuel which can be saved in the deceleration phase is 
calculated from the deceleration coasting ratio and the 
result is added to the total. 

(6) The fuel consumption for target driving is calculated by 
subtracting the total of quantities of fuel which can be 
saved for the parameters, from the actual fuel consumption. 

(7) The targetfuel efficiency is calculated by dividing the fuel 
consumption for target driving by the distance traveled. 
In this way, the target fuel efficiency is calculated accu 

rately. 
The above method is valid when the total vehicle mass is 

equal in average driving and actual driving (actual travel). 
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However, in the case of commercial vehicles, particularly 

cargo trucks or the like, the vehicle total mass largely differs 
between the fully loaded condition and the unloaded condi 
tion. The fuel consumption largely depends on the vehicle 
total mass. 

FIG.13 is a correlation graph showing the relation between 
the way of driving and the fuel consumption rate in the fully 
loaded condition and FIG. 14 is a correlation graph showing 
the relation between the way of driving and the fuel consump 
tion rate in the unloaded condition. 

In the unloaded condition (FIG. 14), the fuel consumption 
rate for actual driving and that for target driving against 
average driving are 103% and 92% respectively; on the other 
hand, in the fully loaded condition (FIG. 13), the fuel con 
sumption rate for actual driving is 105% and that for target 
driving is 90%, showing larger differences from average driv 
1ng. 

Here, a correlation exists between the vehicle total mass 
and fuel consumption rate for a given way of driving wagainst 
average driving (100%). This correlation is expressed by an 
approximate expression and graphically shown in FIGS. 15 
and 16 where correlation line FF in FIG. 15 represents the fuel 
consumption rate for actual driving and correlation line FF in 
FIG. 16 represents the fuel consumption rate for target driv 
1ng. 
As shown in FIG. 15, since the vehicle total mass values for 

the fully loaded and unloaded conditions are known and fuel 
consumption rates 105% and 103% for the fully loaded and 
unloaded conditions in actual driving are found from FIGS. 
13 and 14 respectively, point Ajfor the fully loaded condition 
and point B for the unloaded condition are determined. 
Points Ajand Bare connected by line FF and a specific point 
on the line corresponding to the vehicle total mass in actual 
driving is chosen and 104% is read as the fuel consumption 
rate at that point on the assumption that the rate for average 
driving is 100%. 
As shown in FIG.16, since the vehicle total mass values for 

the fully loaded and unloaded conditions are known and fuel 
consumption rates 90% and 92% for the fully loaded and 
unloaded conditions in target driving are found from FIGS. 13 
and 14 respectively, point At for the fully loaded condition 
and point Bt for the unloaded condition are determined. 
Points At and Bt are connected by line FF and a specific point 
on the line corresponding to the vehicle total mass in target 
driving is chosen and 91% is read as the fuel consumption rate 
at that point on the assumption that the rate for average 
driving is 100%. 

FIGS. 15 and 16 may be used to make an evaluation of fuel 
consumption for any vehicle total mass in the range from the 
unloaded to the fully loaded condition accurately. 

For example, vehicle total mass m may be calculated as 
follows: 
(1) Engine load (L) is read from the engine load sensor 6. 
(2) For example, taking the engine torque as the engine load 

(L), the vehicle's driving force (tire rotating force) is cal 
culated from the power transmission system (transmission 
or differential) gear ratio, the mechanical efficiency of each 
transmission, tire radius and the tire's friction coefficient 
and so on. 

(3) Acceleration C. is calculated from the vehicle velocity V 
obtained from the vehicle velocity sensor 4. 

(4) The driving force F and acceleration a thus calculated are 
substituted into equation “m=F/O.” to find vehicle total 
aSS . 

Next, the method of evaluating fuel consumption in con 
sideration of vehicle total mass will be explained referring to 
the flowchart in FIG. 17 and FIG. 9. 
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The control sequence shown in FIG. 17 is carried out on the 
premise that the onboard database 7 and the control unit (PC 
for analysis) 20 of the management side equipment U2 are 
arranged in a manner to be able to exchange data with each 
other by wireless communication and many types of mea 
Surement data stored in the onboard database are immediately 
entered into the control unit. 

First, at step S1, travel data (engine speed N, accelerator 
opening degree C. vehicle velocity V, fuel flow rate Fw and 
engine load L) are read. At step S2, the onboard database 7 or 
management side control unit 20 decides whether the vehicle 
is at a stop or not. If it is at a stop (YES at step S2), the control 
sequence goes to step S3 or if not (NO at step S2), the 
sequence returns to the starting point. 
At step S3, actual fuel consumption, distance traveled and 

fuel efficiency are calculated from the above vehicle data and 
the sequence goes to step S4 where vehicle total mass m is 
calculated by the abovementioned procedure. 

At step S5, fuel consumption rate w for actual driving is 
calculated for each of the driving parameters (P1-P6) on the 
assumption that the fuel consumption rate for average driving 
is 100%. 

Next, at step S6, fuel consumption rate W for target driving 
is calculated for each of the driving parameters (P1-P6) on the 
assumption that the fuel consumption rate for average driving 
is 100%. 
The sequence proceeds to step S7 where the run is divided 

into running phases (E1: start acceleration phase, E2: steady 
running phase, E3: deceleration phase, E4: idling phase). 

At step S8, driving fuel efficiency in start acceleration 
phase E1 is evaluated. At step S9, driving fuel efficiency in 
steady running phase E2 is evaluated. At step S10, driving 
fuel efficiency in deceleration phase E3 is evaluated. At step 
S11, driving fuel efficiency in idling phase E4 is evaluated. 
At step S12, overall driving fuel efficiency in phases E1-E4 

or from start to stop is evaluated. 
At step S13, the average fuel consumption and fuel effi 

ciency (1) (total of those for the various driving parameters) 
are calculated. Also at step S14, the target fuel consumption 
and fuel efficiency (2) (total of those for the various driving 
parameters) are calculated. 

At step S15, the actual driving fuel consumption and fuel 
efficiency are compared with the results of the above calcu 
lations (1) and (2) and an evaluation of the actual driving is 
made. 
At step S16, the various data related to fuel consumption 

and the evaluation of driving which have been obtained at step 
S15 are compiled into a report in a prescribed format, which 
is then printed on the printer 22 and handed to the driver 
concerned and the vehicle operation manager. 

Then, the sequence returns to step S1 and step S1 and 
Subsequent steps are repeated. 

FIG. 18 is a radar chart showing part of a driving fuel 
efficiency diagnosis report as an output of the result of driving 
fuel efficiency evaluation. According to FIG. 18, it seems that 
the driver made an effort toward fuel-efficient driving on 
ordinary roads while considerable efforts to improve in terms 
of all parameters including engine speed, brake operation and 
running vehicle Velocity should be made in driving on 
expressways. 
Though not shown in the figure, the report can selectively 

show the quantity of actually consumed fuel, fuel saving as 
compared to average driving and how much money has been 
saved at that moment. 

In this method, it is possible to show for each phase quan 
titatively and accurately, in comparison with average driving, 
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how much fuel has been saved or wasted. Also this can be 
associated with the driver's way of driving. 
As described above, according to the third embodiment, on 

the assumption that the fuel consumption rate for average 
driving is 100%, the fuel consumption rate for actual driving 
is calculated so that how much fuel has been saved or wasted 
in comparison with average driving or target driving can be 
known quantitatively and accurately. 

Therefore, it is possible to concretely advise how to drive 
and how to improve the way of driving and show fuel con 
Sumption saving achievable by the improvement in monetary 
terms or in comparison with average driving or target driving, 
in a report handed to the driver and/or manager. 

Since it is possible to know concretely how the way of 
driving should be improved and how much fuel can be saved 
by such improvement, the driver is well motivated to make an 
effort toward fuel-efficient driving. 
The manager can know quantitatively from fuel saving data 

about how fuel-efficiently the driver drove the vehicle actu 
ally and make the driver's effort reflected in the evaluation of 
the driver. Also, concrete driving advice can be given on the 
basis of the database. 
The level of average driving may be variable in order to suit 

the situation of each freight company. Likewise the level of 
target driving may be variable. 

Next, a fourth embodiment will be described referring to 
FIG. 19. 

In the third embodiment as shown in FIGS.9 to 18, various 
parameter detecting means, namely the engine speed sensor 
2, accelerator opening degree sensor 3, vehicle Velocity sen 
sor 4 and fuel flow meter 5, are connected with the onboard 
database 7 thorough exclusive lines respectively. 

In contrast, the fourth embodiment as shown in FIG. 19 is 
configured so that accelerator signals, fuel flow rate signals, 
vehicle Velocity signals and engine speed signals are col 
lected as digital signals in a LAN repeater 8 by an in-vehicle 
communication network 'in-vehicle LAN” and stored in an 
onboard database 7 through a communication cable W. 
Except these points, the fourth embodiment is substantially 
equivalent to the third embodiment shown in FIGS.9 to 18 in 
all aspects including operation and effects and detailed 
description thereof is omitted. 

Next, a fifth embodiment will be described referring to 
FIGS. 20 to 29. 

As illustrated in FIG. 20, the fuel consumption evaluation 
system according to the fifth embodiment consists of equip 
ment U1 in the vehicle (1) and equipment U2 on the manage 
ment side. 
The management side here refers to the vehicle manage 

ment department of the freight company which owns the 
vehicle concerned or the like. 
The vehicle equipment U1 comprises: engine speed mea 

Suring means 2 which measures engine speed N of the vehicle 
(truck in the figure) 1 (hereinafter the engine speed measuring 
means is called the engine speed sensor); accelerator opening 
degree measuring means 3 which measures accelerator open 
ing degree C. (hereinafter the accelerator opening degree mea 
Suring means is called the accelerator opening degree sensor): 
vehicle Velocity measuring means 4 which measures vehicle 
velocity V (hereinafter the vehicle velocity measuring means 
is called the vehiclevelocity sensor); fuel flow rate measuring 
means 5 which measures fuel flow rate Fw (hereinafter the 
fuel flow rate measuring means is called the fuel meter); 
engine load measuring means 6 which measures engine load 
L (hereinafter the engine load measuring means is called the 
engine load sensor); and onboard control means 10. 
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As shown in FIG. 21, the on board control means 10 con 
sists of an interface 9, a control unit 11, a monitor as a display 
means, an onboard database 7 as a storage means and a 
wireless antenna 13. 

The interface 9 and the onboard database 7 are connected 
by line L1, the onboard database 7 and the control unit 11 by 
line L2, the control unit 11 and the monitor 12 by line L3, and 
the control unit 11 and the interface 9 by line L4. 

The vehicle signals for the measured engine speed N, 
accelerator opening degree C, vehicle velocity V, fuel flow 
rate Fw, and engine load L are once stored in the onboard 
database 7 through the interface 9 and line L4. The control 
unit 11 selects or extracts all or several vehicle signals from 
the onboard database 7 as appropriate through line L2 and 
sends the data through line L4, the interface 9, the wireless 
antenna 13 and the external network N to the management 
side equipment U2 which will be described later. 

In this embodiment, although data exchange with the man 
agement side equipment U2 (described later) primarily takes 
place wirelessly, it is also possible to store the vehicle data 
from the onboard database 7 into the memory card 15 and 
transfer it from the memory card 15 to the management side. 
On the other hand, the management side equipment U2 

comprises: management control means 20 (hereinafter the 
management control means is called the personal computer 
for fuel efficiency data analysis); a printer 22 as an output 
means which outputs the result of the evaluation; and a key 
board 24 as an input means supplied with the control unit 20. 

The personal computer for fuel consumption data analysis 
20 receives the vehicle data through the network N and wire 
less antenna 23 a and calculates total mass m of the vehicle 1 
in service and fuel consumption Q from the measured engine 
speed N, accelerator opening degree C. Vehicle Velocity V. 
fuel flow rate Fw, and engine load Land makes a comparison 
with the fuel consumption for average driving and that for 
target driving by the procedure which will be described later, 
in order to evaluate the way of driving and the quantity of 
saved fuel. 
As shown in FIG. 22, the personal computer for fuel effi 

ciency data analysis 20 divides a run from start to stop into 
four phases: start acceleration phase E1, steady running phase 
E2, deceleration phase E3, and idling phase E4. 

For the four phases E1-E4, it sets parameters P1-P6 related 
to fuel consumption Q where P1 refers to “start acceleration 
shift-up engine speed N1, P2 “start acceleration accelerator 
opening degree C.1. P3 "steady running engine speed N2, 
P4 “vehicle velocity (V)/distance traveled, P5 “decelera 
tion coasting ratio” and P6 “idling velocity'. It determines 
fuel consumption rate for each of the phases E1-E4 based on 
correlation between the parameters P1-P6 and fuel consump 
tion rate w against the fuel consumption rate for average 
driving which is assumed as 100% (the correlation is 
expressed by correlation line F in FIG. 24) and makes an 
evaluation based on the determined fuel consumption rate W. 
When the distance traveled from start to stop is not so long 

and the vehiclevelocity is high in the period from start to stop, 
the ratio of energy discarded as heat by braking is large. 
Therefore, when the distance traveled is below a predeter 
mined distance, “(vehicle velocity V)/distance traveled S is 
used as parameter P4 (not shown), which indicates the mag 
nitude of energy discarded as heat by braking, and P4 is 
evaluated in order to urge the driver to observe rules for 
fuel-efficient driving. 
The abovementioned parameters P1-P6 are easily associ 

ated with the way of driving and accuracy is improved in the 
calculation of fuel consumption Q on the basis of these 
parameters. 
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A frequency distribution of travel data in connection with 

each of the parameters P1-P6 is nearly a normal distribution 
as shown in FIG. 23. By processing numerous such travel 
data, the average (mean value) and the degree of dispersion in 
the frequency distribution for each of the parameters P1-P6 
can be known. 

Such data is successively added to the database (not shown) 
in the personal computer for fuel efficiency data analysis 20 or 
the onboard database 7 to create a new database with 
improved accuracy; and also as upgraded vehicle models are 
introduced yearby year, the database can be updated to match 
the performance of an upgraded vehicle 1. 
The parameters except “deceleration coasting ratio' P5, 

namely “start acceleration shift-up engine speed N1 P1, 
“start acceleration accelerator opening degree C.1” P2, 
“steady running engine speed N2, P3, "vehiclevelocity (V)/ 
distance traveled P4 and “idling velocity’ P6 are correlated 
with fuel consumption rate w against the fuel consumption 
rate for average driving in each phase (E1-E4) which is 
assumed as 100%. 

Fuel consumption rate WX for actual driving (actual run to 
be evaluated) can be calculated from the average (mean value) 
in the frequency distribution for each of the parameters P1-P4 
and P6 (FIG. 23) and the correlation between the parameter 
and fuel consumption rate (correlation line F in FIG. 24). 

Furthermore, in the frequency graph of FIG. 23, on the 
assumption of “target'="average-standard deviation.” point 
Nt in the horizontal axis in FIG. 24 is found as a point 
corresponding to “target for the parameter concerned (any of 
P1-P4 and P6) and a perpendicular line is drawn upward from 
Nt; then the intersection Ft of the line with the approximate 
expression (line F) is found to correspond to graduation wt 
(90% in the case shown here) on the fuel consumption rate w 
scale as the vertical axis and thus this value indicates fuel 
consumption rate w against the fuel consumption rate for 
average driving (100%). 

Fuel consumption rate for actual driving j is found by a 
similar calculation procedure to be 105% in the case shown 
here. 

In this case, the fuel consumption rate for actual driving is 
worse than that for average driving and its comparison with 
the target shows that a considerable effort to improve the way 
of driving is required. 

While the above method uses the fuel consumption rate w 
expressed as a percentage to the fuel consumption rate for 
average driving 100% as quantitative data for fuel consump 
tion evaluation, it is also possible to concretely calculate a 
target fuel efficiency and a quantity of fuel which can be 
saved. 

Next, the procedure of calculating a target fuel efficiency 
and a quantity of fuel which can be saved will be explained. 
The following steps are taken for each parameter (P1-P6) 

in each phase (E1-E4). 
(1) Fuel consumption for actual driving Gi is calculated by 

integrating fuel flow rate signal data from the fuel meter 5 
or the engine control unit (not shown). 

(2) Fuel consumption for average driving Ga is calculated by 
multiplying the fuel consumption for actual driving Gby 
fuel consumption rate for average driving (=100%) a 
against fuel consumption rate for actual driving w and then 
dividing the product by fuel consumption rate for actual 
driving j. 

(3) Fuel consumption for target driving Git is calculated by 
multiplying the fuel consumption for actual driving Gby 
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fuel consumption rate for target driving wit and then divid 
ing the product by fuel consumption rate for actual driving 
Wi. 

(4) The quantity of fuel which can be saved, namely the 
difference AG between the fuel consumption for actual 
driving and that for target driving is calculated by Subtract 
ing fuel consumption for target driving Git from fuel con 
Sumption for actual driving Gj. 

Next, the calculation results for each running phase (way of 
driving) are totaled to calculate the following values for a 
single run (from start to stop) or a single travel. 
(5) Fuel saving achievable in each run (from start to stop) or 

travel can be calculated by taking the above steps (1)–(4) to 
calculate the quantity of fuel which can be saved for each 
driving parameter and totaling the results. Also, the quan 
tity of fuel which can be saved in the deceleration phase is 
calculated from the deceleration coasting ratio and the 
result is added to the total. 

(6) The fuel consumption for target driving is calculated by 
subtracting the total of quantities of fuel which can be 
saved for the parameters, from the actual fuel consumption. 

(7) The targetfuel efficiency is calculated by dividing the fuel 
consumption for target driving by the distance traveled. 
In this way, the target fuel efficiency is calculated accu 

rately. 
The above method is valid when the total vehicle mass is 

equal in average driving and actual driving (actual travel) 
However, in the case of commercial vehicles, particularly 

cargo trucks or the like, the vehicle total mass largely differs 
between the fully loaded condition and the unloaded condi 
tion. The fuel consumption largely depends on the vehicle 
total mass. 

FIG.25 is a correlation graph showing the relation between 
the way of driving and the fuel consumption rate in the fully 
loaded condition and FIG. 26 is a correlation graph showing 
the relation between the way of driving and the fuel consump 
tion rate in the unloaded condition. 

In the unloaded condition (FIG. 26), the fuel consumption 
rate for actual driving and that for target driving against 
average driving are 103% and 92% respectively; on the other 
hand, in the fully loaded condition (FIG. 25), the fuel con 
sumption rate for actual driving is 105% and that for target 
driving is 90%, showing larger differences from average driv 
1ng. 

Here, a correlation exists between the vehicle total mass 
and fuel consumption rate for a given way of driving wagainst 
average driving (100%). This correlation is expressed by an 
approximate expression and graphically shown in FIGS. 27 
and 28 where correlation line FF in FIG. 27 represents the fuel 
consumption rate for actual driving and correlation line FF in 
FIG. 28 represents the fuel consumption rate for target driv 
1ng. 
As shown in FIG. 27, since the vehicle total mass values for 

the fully loaded and unloaded conditions are known and fuel 
consumption rates 105% and 103% for the fully loaded and 
unloaded conditions in actual driving are found from FIGS. 
25 and 26 respectively, point Ajfor the fully loaded condition 
and point B for the unloaded condition are determined. 
Points Ajand Bare connected by line FF and a specific point 
on the line corresponding to the vehicle total mass in actual 
driving is chosen and 104% is read as the fuel consumption 
rate at that point on the assumption that the rate for average 
driving is 100%. 
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As shown in FIG. 28, since the vehicle total mass values for 

the fully loaded and unloaded conditions are known and fuel 
consumption rates 90% and 92% for the fully loaded and 
unloaded conditions in target driving are found from FIGS. 25 
and 26 respectively, point At for the fully loaded condition 
and point Bt for the unloaded condition are determined. 
Points At and Bt are connected by line FF and a specific point 
on the line corresponding to the vehicle total mass in target 
driving is chosen and 91% is read as the fuel consumption rate 
at that point on the assumption that the rate for average 
driving is 100%. 

FIGS. 27 and 28 may be used to make an evaluation of fuel 
consumption for any vehicle total mass in the range from the 
unloaded to the fully loaded condition accurately. 

For example, vehicle total mass m can be calculated as 
follows: 
(1) Engine load (L) is read from the engine load sensor 6. 
(2) For example, taking the engine torque as the engine load 

(L), the vehicle's driving force (tire rotating force) is cal 
culated from the power transmission system (transmission 
or differential) gear ratio, the mechanical efficiency of each 
transmission, tire radius and the tire's friction coefficient 
and so on. 

(3) Acceleration C. is calculated from the vehicle velocity V 
obtained from the vehicle velocity sensor 4. 

(4) The driving force F and acceleration a thus calculated are 
substituted into equation “m=F/O.” to find vehicle total 
aSS . 

Next, the method of evaluating fuel consumption in con 
sideration of vehicle total mass will be explained referring to 
the flowchart in FIG. 29 and FIG. 20. 

First, at step S1, travel data (engine speed N, accelerator 
opening degree C. vehicle velocity V, fuel flow rate Fw and 
engine load L) are read. 
The sequence proceeds to step S2 where the instantaneous 

accelerator opening degree is displayed on the monitor 12 of 
the onboard control means 10 and further the instantaneous 
fuel efficiency is displayed (step S3). 

FIG. 30 shows a display (monitor) screen Md1 appearing 
during a run, which includes an accelerator opening degree 
meter M11, an instantaneous fuel efficiency meter M12, a 
current fuel efficiency meter M13, a target fuel efficiency 
meter M14 and an achievement ratio meter M15 which indi 
cates the ratio of the current fuel efficiency to the target fuel 
efficiency, and a fuel saving meter M16 which indicates the 
quantity of fuel which can be saved. 
At step S4, the control unit 11 of the onboard control means 

10 decides whether the vehicle is at a stop or not. If it is at a 
stop (YES at step S2), the sequence goes to step S5 and if not 
(NO at step S2), the sequence returns to the starting point. 
At step S5, actual fuel consumption, distance traveled and 

fuel efficiency are calculated from the above vehicle data and 
the sequence goes to step S6 where vehicle total mass m is 
calculated by the abovementioned procedure. 
At step S7, fuel consumption rate for actual driving is 

calculated for each of the driving parameters (P1-P6) on the 
assumption that the fuel consumption rate for average driving 
is 100%. 

Next, at step S8, fuel consumption rate for target driving 
is calculated for each of the driving parameters (P1-P6) on the 
assumption that the fuel consumption rate for average driving 
is 100%. 
The sequence proceeds to step S9 where the run is divided 

into running phases (E1: start acceleration phase, E2: steady 
running phase, E3: deceleration phase, E4: idling phase). 
At step S10, driving fuel efficiency in start acceleration 

phase E1 is evaluated. 
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As a real time advice display Md2 which appears during a 
run, FIG. 31 shows the accelerator opening degree meter 
M11, instantaneous fuel efficiency meter M12 and advice 
message "Ease up on accelerator Ma1. 
As a real time advice display Md3 which appears during 

another run, FIG. 32 shows the accelerator opening degree 
meter M11, instantaneous fuel efficiency meter M12 and 
advice message “Shift up!” Ma2 because the engine speed is 
insufficient for shift-up. 

At step S11, driving fuel efficiency insteady running phase 
E2 is evaluated; at step S12, driving fuel efficiency in decel 
eration phase E3 is evaluated; then at step S13, driving fuel 
efficiency in idling phase E4 is evaluated. 
As a real time advice display Md4 which appears during a 

run in these phases, FIG. 33 shows the accelerator opening 
degree meter M11 (accelerator opening degree Zero), instan 
taneous fuel efficiency meter M12 and advice message “Use 
coasting as much as possible Ma3. 

At step S14, overall driving fuel efficiency in phases E1-E4 
or from start to stop is evaluated. 

At step S15, the average fuel consumption and fuel effi 
ciency (1) (total of those for the various driving parameters) 
are calculated. Also at step S16, the target fuel consumption 
and fuel efficiency (2) (total of those for the various driving 
parameters) are calculated. 

At step S17, the actual driving fuel consumption and fuel 
efficiency are compared with the results of the above calcu 
lations (1) and (2) and an evaluation of the actual driving is 
made. 

FIGS. 34 and 35 respectively show display screens Ms1 
and Ms2 which appear each time when the vehicle stops. 
By pushing a panel switch Sw in the top left corner, the 

screen toggles (from the screen in FIG. 34 to the one in FIG. 
35 and vice versa). 

In FIG. 34, the accelerator opening degree M21, shift-up 
engine speed M22, steady running engine speed M23 and 
coasting utilization M24 and running vehicle velocity M25 
are shown in the form of a percentage bar graph with 100% as 
the full achievement of the target. 

In FIG. 35, which shows a fuel saving tip, the advice 
message Avoid a heavy foot on accelerator Ma4 and the 
average accelerator opening degree M31 (combined with a 
target value) and fuel consumption M32 are displayed digi 
tally. Change in the rating of driving M33 every 10 km up to 
50 km is shown in the form of a bar graph. 
At step S18, the various data related to fuel consumption 

and the evaluation of driving which have been obtained at step 
S17 are compiled into a report in a prescribed format, which 
is then printed on the printer 22 and handed to the driver 
concerned and the vehicle operation manager. 

Then, the sequence returns to step S1 and step S1 and 
Subsequent steps are repeated. 

FIG. 36 shows a driving fuel efficiency diagnosis report R 
as an output of the result of driving fuel efficiency evaluation. 
The report Rin FIG.36 includes a radar chart R1, an overall 

rating section R2, fuel saving advice sections R3 and R4, a 
fuel saving graph section R5, and a general comment section 
R6. 
The radar chart R1 includes eight evaluation parameters: 

accelerator operation r1, shift-up operation r2, vehicle Veloc 
ity r3, engine speed rá, brake operation r5, vehiclevelocity on 
expressways ré, brake operation on expressways r7, and 
vehicle speed change on expressways r8. In the case shown 
here, a ten-level evaluation is made with Level 10 as excellent 
and Level 0 as worst. 
The overall rating table for fuel consumption R2 indicates, 

in a tabular form, estimated Standard fuel consumption, fuel 
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saving in liters and monetary saving for ordinary roads and 
those for expressways and totals for both. 
The fuel saving advice section R3 shows the vehicleveloc 

ity of the past travel, its influence on fuel efficiency, a tip for 
further fuel saving and so on. 
The fuel saving advice section R4 shows, for example, 

whether the accelerator is operated in start acceleration prop 
erly or not, its influence on fuel efficiency, a tip for further fuel 
saving and so on. 
The fuel saving graph section R5 shows the actually 

achieved fuel saving in liters as numerical data in comparison 
with target fuel saving for each driving parameter in the form 
of a bar graph. 
The general comment section R6 shows ageneral comment 

on the way of driving. 
As an evaluation for a single parameter, for example, data 

on comparison D in the accelerator opening degree for start 
acceleration between target driving d1 and actual driving d2 
can be indicated as shown in FIG. 37. 
As described above, according to the fifth embodiment, it is 

possible to calculate, for each phase, quantitatively and accu 
rately how much fuel has been saved or wasted in comparison 
with average driving. Also this can be associated with the 
driver's way of driving. 
On the assumption that the fuel consumption rate for aver 

age driving is 100%, the fuel consumption rate for actual 
driving is calculated so that how much fuel has been saved or 
wasted in comparison with average driving or target driving 
can be known quantitatively and accurately. 

Since an evaluation of fuel consumption is shown on the 
onboard display means (monitor 12) in real time, it is possible 
for the driver to learn fuel-efficient driving through OJT (on 
the job training). 

Therefore, it is possible to concretely advise how to drive 
and how to improve the way of driving and show fuel con 
Sumption saving achievable by the improvement in monetary 
terms or in comparison with average driving or target driving, 
in a report handed to the driver and/or manager. 

Since how the way of driving should be improved and how 
much fuel can be saved by Such improvement are shown on 
the monitor 12 in real time, the driver is well motivated to 
make an effort toward fuel-efficient driving. 

Since not only an absolute value of fuel consumption is 
shown but also comparison againstaverage driving and target 
driving is made parameter by parameter, the evaluation is 
easy to understand and realistic measures to improve fuel 
efficiency (promote fuel-efficient driving) can be taken 
immediately. 
The manager can know quantitatively from fuel saving data 

about how fuel-efficiently the driver drove the vehicle actu 
ally and make the driver's effort reflected in the evaluation of 
the driver. Also, concrete driving advice can be given on the 
basis of the database. 
The level of average driving may be variable in order to suit 

the situation of each freight company. Likewise the level of 
target driving may be variable. 

Next, a sixth embodiment will be described referring to 
FIG 38. 

In the fifth embodiment as shown in FIGS. 20 to 37, various 
parameter detecting means, namely the engine speed sensor 
2, accelerator opening degree sensor 3, vehicle Velocity sen 
sor 4 and fuel flow meter 5, are connected with the onboard 
database 7 thorough their exclusive lines respectively. 

In contrast, the sixth embodiment as shown in FIG. 38 is 
configured so that accelerator signals, fuel flow rate signals, 
vehicle Velocity signals and engine speed signals are col 
lected as digital signals in a LAN repeater 8 by an in-vehicle 
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communication network 'in-vehicle LAN” and stored in an 
onboard database 7 through a communication cable W. 
Except these points, the sixth embodiment is substantially 
equivalent to the fifth embodiment shown in FIGS. 20 to 37 in 
all aspects including operation and effects and detailed 
description thereof is omitted. 
The embodiments shown here are merely examples and do 

not limit the technical scope of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing a fuel consumption 
evaluation system configuration according to the first 
embodiment of the invention. 

FIG. 2 is a characteristic chart in which a run is divided into 
four phases and various parameters are correlated with dis 
tance traveled (running phases) according to the invention. 

FIG.3 is a chart explaining the magnitude of vehicleveloc 
ity as the magnitude of kinetic energy. 

FIG. 4 is a frequency distribution graph which shows fre 
quency distribution for evaluation parameters according to 
the invention. 

FIG. 5 is a correlation chart showing the correlation 
between each evaluation parameter and fuel consumption per 
unit distance traveled. 

FIG. 6 is a table summarizing the method of calculating 
fuel consumption. 

FIG. 7 is a flowchart showing an evaluation sequence 
according to the invention. 

FIG. 8 is a block diagram showing a fuel consumption 
evaluation system configuration according to the second 
embodiment of the invention. 

FIG. 9 is a block diagram showing a fuel consumption 
evaluation system configuration according to the third 
embodiment of the invention. 

FIG. 10 is a characteristic chart in which a run is divided 
into four phases and various parameters are correlated with 
distance traveled (running phases) according to the third 
embodiment of the invention. 

FIG. 11 is a frequency distribution graph which shows 
frequency distribution for evaluation parameters in the third 
embodiment. 

FIG. 12 is a correlation chart showing the correlation 
between each evaluation parameterandfuel consumption rate 
w for a given way of driving against the fuel consumption rate 
for average driving which is assumed as 100%. 

FIG. 13 is a correlation chart showing the correlation 
between each evaluation parameterandfuel consumption rate 

for a given way of driving in the fully loaded condition 
against the fuel consumption rate for average driving which is 
assumed as 100%. 

FIG. 14 is a correlation chart showing the correlation 
between each evaluation parameterandfuel consumption rate 
w for a given way of driving in the unloaded condition against 
the fuel consumption rate for average driving which is 
assumed as 100%. 

FIG. 15 is a correlation chart showing fuel consumption 
rate for actual driving with a given vehicle total mass. 

FIG. 16 is a correlation chart showing fuel consumption 
rate for target driving with a given vehicle total mass. 

FIG.17 is a control flowchart explaining the fuel consump 
tion evaluation sequence according to the first embodiment. 

FIG. 18 is a radar chart showing part of a driving fuel 
efficiency diagnosis report outputted as a Summary of driving 
fuel efficiency evaluation. 

FIG. 19 is a block diagram showing the general configu 
ration of the fourth embodiment. 
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FIG. 20 is a block diagram showing a fuel consumption 

evaluation system configuration according to the fifth 
embodiment of the invention. 

FIG.21 is a block diagram showing the configuration of the 
vehicle control means in the fifth embodiment. 

FIG. 22 is a characteristic chart in which a run is divided 
into four phases and various parameters are correlated with 
distance traveled (running phases) according to the fifth 
embodiment. 

FIG. 23 is a frequency distribution graph which shows 
frequency distribution for evaluation parameters in the fifth 
embodiment. 

FIG. 24 is a correlation chart showing the correlation 
between each evaluation parameter and fuel consumption rate 
w for a way of driving against the fuel consumption rate for 
average driving which is assumed as 100%. 

FIG. 25 is a correlation chart showing the correlation 
between each evaluation parameter and fuel consumption rate 

for a given way of driving in the fully loaded condition 
against the fuel consumption rate for average driving which is 
assumed as 100%. 

FIG. 26 is a correlation chart showing the correlation 
between each evaluation parameter and fuel consumption rate 
wfor a given way of driving in the unloaded condition against 
the fuel consumption rate for average driving which is 
assumed as 100%. 

FIG. 27 is a correlation chart showing fuel consumption 
rate for actual driving with a given vehicle total mass. 

FIG. 28 is a correlation chart showing fuel consumption 
rate for target driving with a given vehicle total mass. 

FIG.29 is a control flowchart explaining the fuel consump 
tion evaluation sequence according to the fifth embodiment. 

FIG. 30 shows a display Screen appearing during a run in 
the fifth and sixth embodiments. 

FIG. 31 shows a real time information display screen 
appearing during a run in the fifth and sixth embodiments. 

FIG.32 shows another real time information display screen 
appearing during a run in the fifth and sixth embodiments. 

FIG.33 shows another real time information display screen 
appearing during a run in the fifth and sixth embodiments. 

FIG. 34 shows a display screen appearing during a stop in 
the fifth and sixth embodiments. 

FIG. 35 shows another display screen appearing during a 
stop in the fifth and sixth embodiments. 

FIG. 36 shows a driving fuel efficiency diagnosis report 
outputted as a Summary of driving fuel efficiency evaluation 
in the fifth and sixth embodiments. 

FIG.37 shows output data on comparison in the accelerator 
opening degree for start acceleration between target driving 
and actual driving as an evaluation for a single parameter in 
the fifth and sixth embodiments. 

FIG. 38 is a block diagram showing the general configu 
ration of the sixth embodiment. 

DESCRIPTION OF REFERENCE NUMERALS 

1. Motor truck (first and second embodiments)/Vehicle (third 
to sixth embodiments) 

2. Engine speed measuring means/Engine speed sensor (first 
to sixth embodiments) 

3. Accelerator opening degree measuring means/Accelerator 
opening degree sensor (first to sixth embodiments) 

4. Vehicle velocity measuring means/Vehicle velocity sensor 
(first to sixth embodiments) 

5. Fuel flow rate measuring means/Fuel flow meter (first to 
sixth embodiments) 
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6. Engine load measuring means/Engine load sensor (third to 
sixth embodiments) 

7. Onboard storage means/Onboard database (third to sixth 
embodiments) 

8. LAN repeater (third to sixth embodiments) 
9. Interface (fifth and sixth embodiments) 
10. Control means/Control unit (first and second embodi 

ments), or Onboard control means (fifth and sixth embodi 
ments) 

11. Database (first and second embodiments), or Control unit 
(fifth and sixth embodiments) 

12. Personal computer (first and second embodiments), or 
Display means/Monitor (fifth and sixth embodiments) 

13. Input means/Keyboard (first and second embodiments) 
14. Printer (first and second embodiments) 
15. Memory card (first to sixth embodiments) 
20. Control means/Control unit (third and fourth embodi 

ments), or Control means/Personal computer for fuel effi 
ciency data analysis (fifth and sixth embodiments) 

22. Printer (third to sixth embodiments) 
24. Input means/Keyboard (third to sixth embodiments) 
The invention claimed is: 
1. A fuel consumption evaluation system comprising: 
engine speed measuring means which measures engine 

speed of a truck; 
accelerator opening degree measuring means which mea 

Sures an accelerator opening degree; 
vehicle Velocity measuring means which measures vehicle 

velocity; 
fuel flow rate measuring means which measures a fuel flow 

rate; and 
control means which evaluates fuel consumption of the 

truck from measured engine speed, 
accelerator opening degree, vehicle Velocity and fuel flow 

rate, characterized in that the control means: 
has storage means, 
divides a run from start to stop into a plurality of phases, 
sets fuel consumption-related parameters for each of the 

plural phases, 
determines fuel consumption for each of the plural phases 

based on correlation between the parameters and fuel 
consumption, and 

makes an evaluation based on the determined fuel con 
Sumption. 

2. The fuel consumption evaluation system according to 
claim 1, wherein the plural phases include: 

a phase in which the accelerator opening degree is 
increased from a relatively low velocity and vehicle 
Velocity or average moving vehicle Velocity increases; 

a phase in which the accelerator opening degree is 
decreased; 

a phase in which the accelerator opening degree is rela 
tively small and engine speed is relatively low; and 

a steady running phase which is different from the above 
three phases. 

3. The fuel consumption evaluation system according to 
claim 2, wherein: 

for the phase in which the accelerator opening degree is 
increased from a relatively low velocity and vehicle 
Velocity or average moving vehicle Velocity increases, 
the parameters are engine speed in gear shift and accel 
erator opening degree; 

for the phase in which the accelerator opening degree is 
decreased, the parameter is the ratio of distance traveled 
with the accelerator and brake off to the sum of distance 
traveled with the accelerator and brake off and distance 
traveled with the brake on; 
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32 
for the phase in which the accelerator opening degree is 

relatively small and engine speed is relatively low, the 
parameter is vehicle Velocity; and 

for the steady running phase which is different from the 
above three phases, the parameter is engine speed. 

4. The fuel consumption evaluation system according to 
claim 1, wherein the steady running phase is divided into a 
high speed running phase in which a given distance or more is 
traveled at a vehicle velocity above a prescribed velocity and 
other phases and the parameters for the high speed running 
phase are engine speed, vehicle Velocity, and equivalent to 
fuel consumed by acceleration before or after braking. 

5. The fuel consumption evaluation system according to 
claim 1, wherein the plural phases are classified into a phase 
in which distance from start to stop is shorter than a prede 
termined distance and other phases and in the phase in which 
distance from start to stop is shorter than a predetermined 
distance, the parameter is squared vehiclevelocity divided by 
distance traveled. 

6. The fuel consumption evaluation system according to 
claim 1, wherein correlation between the parameters and fuel 
consumption is statistically calculated from data stored in the 
storage means for the phase in which the accelerator opening 
degree is increased from a relatively low velocity and vehicle 
Velocity or average moving vehicle Velocity increases, the 
phase in which the accelerator opening degree is relatively 
Small and engine speed is relatively low, and the steady run 
ning phase. 

7. The fuel consumption evaluation system according to 
claim 1, wherein, for the phase in which the accelerator open 
ing degree is decreased, fuel consumption is determined 
according to distance traveled in the phase, distance traveled 
with the accelerator and brake off, and fuel efficiency. 

8. The fuel consumption evaluation system according to 
claim 1, wherein the control means compares determined fuel 
consumption against average obtained from data stored in the 
Storage means. 

9. The fuel consumption evaluation system according to 
claim 1, wherein the control means compares determined fuel 
consumption against target. 

10. The fuel consumption evaluation system according to 
claim 1, wherein data for a running condition in which deter 
mined fuel consumption may be inaccurate is ignored. 

11. The fuel consumption evaluation system according 
claim 1, wherein output means are provided and determined 
fuel consumption and evaluation based on comparison 
against average or target are outputted. 

12. A fuel consumption evaluation system comprising: 
engine speed measuring means which measures engine 

speed of a vehicle: 
accelerator opening degree measuring means which mea 

Sures an accelerator opening degree; 
vehicle Velocity measuring means which measures vehicle 

velocity; 
fuel flow rate measuring means which measures a fuel flow 

rate; 
engine load measuring means which measures engine load; 

and 
control means which calculates fuel consumption of the 

vehicle and vehicle mass from measured engine speed, 
accelerator opening degree, vehicle Velocity, fuel flow 
rate and engine load, characterized in that the control 
CaS 

has storage means, 
divides a run from start to stop into a plurality of phases, 
sets fuel consumption-related parameters for each of the 

plural phases, 
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calculates fuel consumption rate for actual driving against 
average driving and fuel consumption rate for target 
driving against average driving based on correlation 
between the parameters and fuel consumption rate 
against average driving, and 

makes an evaluation based on the calculated fuel consump 
tion rates. 

13. The fuel consumption evaluation system according to 
claim 12, wherein the plural phases include: 

a phase in which the accelerator opening degree is 
increased from a relatively low velocity 

and vehicle Velocity or average moving vehicle Velocity 
increases; 

a phase in which the accelerator opening degree is 
decreased; 

a phase in which the accelerator opening degree is rela 
tively small and engine speed is relatively low; and 

a steady running phase which is different from the above 
three phases. 

14. The fuel consumption evaluation system according to 
claim 13, wherein: 

for the phase in which the accelerator opening degree is 
increased from a relatively low velocity and vehicle 
Velocity or average moving vehicle Velocity increases, 
the parameters are engine speed in gear shift and accel 
erator opening degree; 

for the phase in which the accelerator opening degree is 
decreased, the parameter is the ratio of distance traveled 
with the accelerator and brake off to the sum of distance 
traveled with the accelerator and brake off and distance 
traveled with the brake on; 

for the phase in which the accelerator opening degree is 
relatively small and engine speed is relatively low, the 
parameter is vehicle Velocity; and 

for the steady running phase which is different from the 
above three phases, the parameter is engine speed. 

15. The fuel consumption evaluation system according to 
claim 12, wherein the steady running phase is divided into a 
high speed running phase in which a given distance or more is 
traveled at a vehicle velocity above a prescribed velocity and 
other phases for the purpose of data collection. 

16. The fuel consumption evaluation system according to 
claim 12, wherein in calculating fuel consumption for actual 
driving, data from the fuel flow rate measuring means is 
integrated for each of the plural phases and all the integrated 
values for the phases from start to stop are totaled. 

17. The fuel consumption evaluation system according to 
claim 12, wherein for all the parameters, actual vehicle total 
mass is calculated for measured vehicle Velocity and the 
vehicle's specification and an evaluation of fuel consumption 
is made in consideration of the vehicle total mass. 

18. The fuel consumption evaluation system according to 
claim 12, wherein output means are provided and fuel con 
Sumption rate for actual driving against average driving and 
fuel consumption rate for target driving against average driv 
ing are calculated and an evaluation based on the calculated 
fuel consumption rates is outputted. 

19. A fuel consumption evaluation system comprising: 
engine speed measuring means which measures engine 

speed of a vehicle: 
accelerator opening degree measuring means which mea 

Sures an accelerator opening degree; 
vehicle Velocity measuring means which measures vehicle 

velocity; 
fuel flow rate measuring means which measures a fuel flow 

rate; 
engine load measuring means which measures engine load; 

and 
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storage means which stores data on measured engine 

speed, accelerator opening degree, vehicle Velocity, fuel 
flow rate and engine load; 

control means which calculates fuel consumption of the 
vehicle and vehicle mass from the various data; and 

display means which is installed in the vehicle, character 
ized in that the control means: 

divides a run from start to stop into a plurality of phases, 
sets fuel consumption-related parameters for each of the 

plural phases, 
calculates fuel consumption rate for actual driving against 

average driving and fuel consumption rate for target 
driving against average driving based on correlation 
between the parameters and fuel consumption rates 
against average driving, 

makes an evaluation based on the calculated fuel consump 
tion rates, and 

displays the evaluation result on the display means. 
20. The fuel consumption evaluation system according to 

claim 19, wherein the plural phases include: 
a phase in which the accelerator opening degree is 

increased from a relatively low velocity and vehicle 
Velocity or average moving vehicle Velocity increases; 

a phase in which the accelerator opening degree is 
decreased; 

a phase in which the, accelerator opening degree is rela 
tively small and engine speed is relatively low; and 

a steady running phase which is different from the above 
three phases. 

21. The fuel consumption evaluation system according to 
claim 20, wherein: 

for the phase in which the accelerator opening degree is 
increased from a relatively low velocity and vehicle 
Velocity or average moving vehicle Velocity increases, 
the parameters are engine speed in gear shift and accel 
erator opening degree; 

for the phase in which the accelerator opening degree is 
decreased, the parameter is the ratio of distance traveled 
with the accelerator and brake off to the sum of distance 
traveled with the accelerator and brake off and distance 
traveled with the brake on; 

for the phase in which the accelerator opening degree is 
relatively small and engine speed is relatively low, the 
parameter is vehicle Velocity; and 

for the steady running phase which is different from the 
above three phases, the parameter is engine speed. 

22. The fuel consumption evaluation system according to 
claim 19, wherein the steady running phase is divided into a 
high speed running phase in which a given distance or more is 
traveled at a vehicle velocity above a prescribed velocity and 
other phases for the purpose of data collection. 

23. The fuel consumption evaluation system according to 
claim 19, wherein in calculating fuel consumption for actual 
driving, data from the fuel flow rate measuring means is 
integrated for each of the plural phases and all the integrated 
values for the phases from start to stop are totaled. 

24. The fuel consumption evaluation system according to 
claim 19, wherein for all the parameters, actual vehicle total 
mass is calculated for measured vehicle Velocity and the 
vehicle's specification and an evaluation of fuel consumption 
is made in consideration of the vehicle total mass. 

25. The fuel consumption evaluation system according to 
claim 19, wherein output means are provided and fuel con 
Sumption rate for actual driving against average driving and 
fuel consumption rate for target driving against average driv 
ing are calculated and an evaluation based on the calculated 
fuel consumption rates is outputted. 
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